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Errata I 


(Minor typographical errors are not mentioned here.) KUSE Vol. I. 1965 





Page Position Correction 
9 | Bottom Read “are” for “is”. 
22 | Line 14 Read “seriously” for “serionsly”. 
92 | Fig. 45, c Read “muriciense” for ‘“murciense”. 
92 | Line 2 Read “Firuzkuh” for “Furuzkuh” 
109 | App. Tab. 1, line 5 | Read “yellow grains” for “yellow giains”. 
113. | App. Tab. 1, line 15] Read “muriciense’ for “murciense”’. 
144 | Fig. 1 Read “Locality” for “Loeality”. 
147 | Line 16 Read “majority” for “the many”. 
155 | Line 12 Read “hairless” for “hairy”. 
174 | Line 26 Read “16” for “60”. 
189 | Line 6 Read “color of” for ‘color, of”. 
191 | Summary, line 6 Read “strains of” for “strain or”. 
200 | Line 13 Read “are” for “is”. 
201 | Line 3 Read “1909” for “1906”. 
212 | Line 8 Read ‘veins’ for “veines’. 
219 | Fig. 10, e Read “piriformis” for “pririoform”. 
222 | Conclusion, line 20 | Read “foetidissima” for “foetidtssima’’. 
228 | Tab. 3, line 27 Read “vines (%)”” for “vines®”. 
231 | Line 4 Read “remarkably” for “remarkbly”. 
238 | Tab. 2, line 13 Read “28” for “2.8”. 
239 | Tab. 2, line 14 Read “2.0” for ‘20. 
254 | Line 5 Read “five” for “ufive’. 
259 | Line 7 from bottom | Read “HCl” for “HCL”. 
260 | Fig. 1, a Read “(CH.),4” for “CH4”. 
261 | Line 12 Read “730mz” for “730mu” 
261 | Line 13 from bottom | Read “morphological” for “mophological” 
265 | Tab. 3 Read “0.33 — 0.23” on the line of 132 A 
265 | Tab, 3 Read ‘0.39 0.35 0.31” on the line of 751 D 
267 | Tab. 4 Read “Length (mm)” for “Length”. 
267 | Tab. 4 Read “Width (mm)” for “Width”. 
267 | Tab. 5, under aver. | Read “O*” for “O”. 
268 | Literature, line 1 Read “Z. M.” for “Z. W.” 
278 | Line 1 Read “response” for “reshonse”’. 
281 | Line 5 from bottom | Read “a few::::-: did not bulb” 
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Line 2 





for “none of the----- bulbed °. 
Read “seeds” for “seeds of”. 





Errata II 


(Minor typographical errors are not mentioned here.) KUSE Vol. I. 1965 


Page 


304 
319 
319 
319 
319~20 
320 


326 
329 
337 
337 
338 


Position 


| 
| 


Correction 





Photo. 15, bottom 
April 18, line 2 
April 21, line 5 
April 22, line 2 
Bottom ~top 
Line 1 


June 19, line 3 
July 3, line 3 
July 8, line 1 
July 16, line 2 
July 24, line 5 





Read “arrives” for “arrive”. 

Read “Chillinji Pass’ for “Chiringa Pass”. 
Read “Kar Gah Valley” for “Kalga Valley”. 
Read “Thelichi” for “Tarichi”. 

Cross out “and the Kobando in the other”, 


Read “Bilchhar Dobani” for “Birucharu 
Dobando”. 


Read “explorers” for “explorer”. 
Read “were” for “was”. 

Read “Charsadda” for “Chalsada”. 
Read “LANDAUER” for “RANDAUER”. 
Read “LANDAUER” for “RANDAUER”. 
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EDITORIAL NOTE 


The publications of the results of the Kyoto University Scientific 
Expedition to the Karakoram and Hindukush, 1955, are completed in the 
following eight volumes: 


I. 


II. 
Il. 


IV. 
V. 


VI. 
VIL 
VII. 
Vols. 


Cultivated Plants and Their Relatives. Ed. by K. YAMASHITA 
Flora of Afghanistan. Ed. by S. Kitamura 

Plants of West Pakistan and Afghanistan. Ed. by S. KiTAMuRA 
Insect Fauna of Afghanistan and Hindukush. Ed. by M. Uéno 
Personality and Health in Hunza Valley. Ed. by K. IMANISHI 
Zirni Manuscript. Ed. by S. IWAMURA 

Geology of Karakoram and Hindukush. Ed. by S. MatsusHITA 
Additional Reports. Ed. by S. Kitamura and R. Yost. 
II~VII have already been published. The present Volume 


contains (1) the results of the investigations on cultivated plants and their 


relatives collected from Pakistan, Afghanistan and Iran (2) photographs and 
(3) itineraries. 


The present Volume has been published with the help of the Fauna 


and Flora Research Society, Kyoto University with financial assistance 
from the Asahi Press. 


Kyoto, Japan 
October 31, 1965 
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PREFACE 


Since its establishment in 1951, the Fauna and Flora Research Society (FFRS) 
of Kyoto University has been always quite active. The expeditions organized 
by FFRS were sent to Nepal in the years 1952 and 1953. The scientific results 
were published in three volumes edited by myself: 

I. Fauna and Flora of Nepal Himalaya, 1955 
II. Land and Crops of Nepal Himalaya, 1956 
III. Peoples of Nepal Himalaya, 1957 

Many of the authors of these publications are members of FFRS. They have 
studied the materials brought from Nepal by the parties. With the progress of 
their investigations, they became more and more interested in the fauna, flora and 
also peoples around the Himalayan mountain ranges. 

As I have mentioned in my preface to “ Fauna and Flora of Nepal Himalaya”, 
FFRS is closely affiliated with the Academic Alpine Club of Kyoto University 
(AACK). Many of us are members of both societies. Therefore there is no 
wonder that the projects were directed to high mountain ranges. K2 of Kara- 
koram had been once the object of AACK. Accordingly, the members of FFRS 
have unanimously agreed to organize a scientific expedition to Karakoram, though 
the object of the party was not climbing high mountains, There are many peaks 
8,000 meters high above sea-level and big glaciers which attract not only moun- 
taineers but also geologists. Also there are peoples, with whom we were not 
familiar. Especially we have been curious whether it is true or not, that Hunza 
Valley is a Utopia, as all inhabitants seem to be there free from diseases. Sen- 
sational articles about this paradise appeared in many magazines and even in 
scientific books. Dr. IMANIsHI, who started his carrier as entomologist and _ specia- 
lized later in anthropology, is a member of both FFRS and AACK. He showed a 
special interest in traveling and collecting anthropological materials together with 
his colleagues in Karakoram. Prof. Matsusuita, a geologist, and his assistant, 
accompanied him for geological surveys. 

We found also reasons to include Hindukush into the area of our exploration. 
In 1954, Prof. Iwamura went to Afghanistan. He was interested in the Moghol 
tribes, probably descendants of soldiers of Guincis KHAN, who are said to have 
kept their old language until the present time. In his preliminary survey, he 
could obtain indications of the existence of such tribes. As to myself, I became 
gradually inclined to join this party in order to collect wheat and Aegilops from 
the view point of the origin of our bread wheat. 

As Aegilops squarrosa is now well known to be the donor of D-genome to 
common wheat, the study of this species became our most important task. This 
species is distributed in the area skirting Hindukush and Elburz, an area rich in 
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many cultivated plants, namely wheats, vegetables, melons, fruit trees, etc. Col- 
lecting seeds of those various cultivated plants was also our task. So the scheme 
of the expedition became wide including Karakoram, Hindukush and Elburz. 

We were very eager to observe the wild plants in their habitats and to 
collect the specimens. Prof. KiraAMuRA, a well known taxonomist specialized in 
Compositae, was entrusted with the determination of the Nepalese specimens 
collected by Dr. Nakao. At first it was rather difficult for him to identify the 
plants, being many of them not familiar to him. Later he could manage very well. 
In the meantime he found that ca. 1,000 plant specimens from Tibet had been pre- 
served in the National Science Museum of Tokyo. These specimens were collected 
and brought back by a Japanese buddhist priest, E. KAwacucHI, who went to 
Tibet twice, in 1900 and 1914. The collection was made during his second visit. 
Since KITAMURA was already familiar with Nepalese plants, he could easily iden- 
tify the specimens from Tibet. He and his coworkers could determine ninety-two 
species belonging to seven families. sixteen of them were new species. If these 
specimens had been examined immediately after the collection, twenty of them 
would have been new species. 

Thus our project became bigger than we have thought at the beginning. But 
the expedition was approved by the Ministry of Education and funds for the 
traveling were given. Also the Asahi Press promised us to support our explora- 
tion, and the Nichi-Ei Shinsha (Japan Scientific Film Cooperation Ltd.) agreed to 
send two cameramen to take a documentary film of the expedition. 

It took more than one year to elaborate our plans, details of our routes, 
organization of the expedition, etc.. Finally, we have decided to send twelve members, 
one reporter and two cameramen and to form two teams. One went to Karakoram 
and the other to Hindukush. Their names and special fields are given here: 


Hindukush Team Karakoram Team 
Hitoshi K1iHara, Genetics Kinji IManisH1, Anthropology 
Siro Kitamura, Plant Taxonomy Susumu Matsusuita, Geology 
Kosuke YAMASHITA, Genetics Kazuo Huzita, Geology 
Sinobu Iwamura, History Sasuke Nakao, Botany 
Tadashi Yamazakl, Linguistics Naohiko Harapa, Medical Science 
Tadao Umesao, Ecology Shigeo Hayasuipa, Cameraman 


Tadashi Oxazaki, Archaeology 
Seiji NAKAMURA, Cameraman 
Hiromi Nara, Reporter 


We were fully aware of many difficulties of such an undertaking due to differ- 
ences in customs, religion, etc.. Above all our great concern was whether or not 
our expedition would have a scientific value. It was the first one officially 
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approved by the Ministry of Education and had to be the first precedent for the 
following expeditions. 

So we endeavored to study an enormous amount of literature. Almost all 
contributions were made by European scholars. The names of the explorers, for 
instance, Mark Aurel Stein, Henning Haslund CHRISTENSEN, RAMSTEDT and many 
other humanistic scientists, mountaineers and geologists, DEsio, DyRENFURTH, etc., 
botanists, GRIFFITH, BuNGE, AITCHISON, VAVILOV and others, were mentioned on 
many occasions at our meetings. 

Since the advent of eighteenth century, the eyes of European scientists were 
directed to the eastern hemisphere. Many visited the Near East and some of 
them came to Japan. Thus almost all scientific contributions concerning the Asian 
Continent have been done by western scientists. It was high time for us to look 
at our neighborhood from our side and to get acquainted with it from our own 
experience. 

Until now we have published seven volumes of our reports including the 
present one. The series will be completed with the eighth volume, which contains 
the further reports on the geological, botanical and zoological investigations. 
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Introduction 


On the basis of genomic and morphological analyses, the genealogical relation- 
ships in wheat and Aegilops have been established by Kinara (1924, 1949). It 
was found that the genus Triticum consists of three basic genomes, A, B and D, 
and our dinkel or bread wheat was originated as an amphidiploid of a hybrid 
between a species of emmer wheat (AABB) and Ae. squarrosa (DD). 

As will be described elsewhere, it has been known that Ae. squarrosa is 
distributed in the vast area east of Caucasus, namely Iran, Afghanistan, Pakistan 
and the neighboring regions of U.S.S.R. 

6x wheats have been synthesized from various cross combinations of emmer 
wheats and Ae. squarrosa, among which the one from the T. persicum~x Ae. 
squarrosa combination resembles exactly the established bread wheat, T. vulgare 
(aestivum). For further studies it was necessary to examine the ecological con- 
ditions of the original habitats of those putative ancestral species and to collect 
more materials from there. KIHARA and YAMASHITA, the senior authors of the 
present paper, joined the Kyoto University Scientific Expedition CKUSE) to the 
Karakoram and Hindukush in 1955, of which Kinara was the leader, and 
collected many species of Triticum and Aegilops from Pakistan, Afghanistan and 
Iran. They started with their exploration tour from Quetta, Pakistan, toward 
the end of May, and arrived in Kabul on June 7, 1955. Kinara flew to Tehran 
on June 25 in advance and made collections around Isfahan and in the Gorgan 
region, while YAMASHITA made an Aegilops hunting trip from Kabul through the 
Hindukush range and Turkestan to Tehran, Iran (June 23~July 12) driving a 
jeep along the ancient “Silk Road”. They also made together the Azerbajan trip 
(July 18~July 30). From these trips® a great many samples of Triticum, 
Aegilops and related genera, wild plants and also seeds of various crops have 
been collected. 

The present paper deals chiefly with morphological, physiological, genetical 
and cytological studies in Triticum and Aegilops. A short paper on the morpho- 
logy and physiology of Ae. sguarrosa strains was published in a special volume 
of Preslia (1958) in commemoration of the 85th birthday of Prof. Bohumil Nemec. 
The contents of that paper have been included in the present report together 
with many new data obtained thereafter. Preliminary reports published occasion- 
ally in Wheat Information Service (WIS) have also been included. 





1) Similarly the emmer wheat is also an amphiploid of a hybrid between einkorn wheat (AA) 
and some unknown species with B-genome. A number of data have accumulated that the 
B-donor might be a species of Sitopsis section, most probably Ae. speltoides (Rivey et al. 
1958). 

2) Details of the trips are found in the chapter ” Itineraries”, pp. 319~350 of the present 
volume. 
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The present investigations have been carried out with the aid of grants from 
our Ministry of Education, as well as from the Rockefeller Foundation in New 
York, U.S. A. for which we wish to express our deep gratitude. 

We are indebted to Prof. Dr. H. Kucxuck, “Technische Hochschule”, Han- 
nover, Germany, for valuable informations of his experiences in collecting wheat 
and Aegilops in Iran. 

We appreciate the help and courtesy given by the officials of the Govern- 
ments of Pakistan, Afghanistan and Iran, as well as the Embassies of Japan in 
those countries. Thanks are due to the representatives of the Japanese companies 
stationed in the countries where we traveled. We are much indebted to Dr. F. A. 
LILIENFELD, National Institute of Genetics, for her valuable advice in publishing 
the present data. Thanks are also due to Miss Yoko Iwakawa, secretary of the 
Biolo gical Laboratory, Kyoto University, for her assistance in the preparation of 
the manuscript. 


Material and Method 


Considering the geographical as well as the ecological conditions of the 
localities where the materials were collected, the whole area along the route of 
our trips covering over 6,000km has been divided into nine regions, namely 
Quetta region in Pakistan, Kabul, Pul-i-Khumri and Maimana regions in Afghani- 
stan, and Tehran, Isfahan, Gorgan, Pahlavi and Tabriz regions in Iran. 


Table 1. Number of strains and habitats of collected Triticum 











Einkorn Si... h “sake  <- — uae oc. — Speke. —— Emmer | Dinkel 
Region ee ee ee eee 
Strains Habitats | Strains Habitats | Strains Habitats 
Pakistan : | | | I 
Quetta 0 | 0 2 | 1 | 2% 
Afghanistan : ! 
Kabul 0 0 0 0 54 | 39 
Pul-i-Khumri 0 0 0 0 | 2 2 
Maimana 0 | 0 0 | 0 | 11 5 
Iran : 
Tehran 0 | 0 2 2 67 19 
Gorgan 0 0 5 3 18 17 
Pahlavi 0 0 0 0 40 21 
Tabriz 0 0 o | 0 | 26 15 
Isfahan 0 o | 3 3 | 36 20 
Unknown 20 1 | 2» 1 4 1 
Total a i i} ae | 10 284 | 145 














1) Obtained from the Agr. Exp. Station, Tehran, Iran. 
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Table 2. Number of strains and habitats of collected Aegilops 
a 

















squarrosa ( is "and 6X) cylindrica triuncialis columnaris 
eaten Strains| Habs. |Strains| Habs. |Strains} Habs, |Strains| Habs. |Strains| Habs. 
Pakistan : 
Quetta 15 13 0 0 0 0 0 0 0 0 
Afghanistan : 
Kabul 35 22 9 2 0 0 0 0 0 0 
Pul-i-Khumri 31 15 13 7 0 0 14 10 0 0 
Maimana 24 15 12 7 0 0 16 11 0 0 
Iran: 
Tehran 14 6 5 2 7 3 24 9 17 2 
Gorgan 23 15 0 0 0 0 2 2 0 0 
Pahlavi 25 13 0 0 3 3 0 0 0 
Tabriz 9 6 10 10 20 16 18 15 4 2 
Isfahan 0 0 0 0 0 0 0 0 0 0 
Unknown 3 1 8 1 5 2 29 2 0 0 
Total 179 106 57 29 32 24 103 49 21 4 


























Remarks: Ae. triaristata was not involved in the collection. 


In every region both Triticum and Aegilops have been collected, except for 
Isfahan where not a single species of Aegilops was found. The general lists of 
the collections are given in Tables 1 and 2. The collected Aegilops species were: 
squarrosa, crassa (4x and 6x), cylindrica, triuncialis, columnaris, juvenalis and 
umbellulata. The last two species were supplied by the courtesy of Mr. M. 
Mo}ITAHEDI, Department of Agriculture, Tehran, Iran. The collected Triticum 
species were: durum, turgidum, vulgare and compactum from the fields and 
aegilopoides, polonicum, orientale, spelta and sphaerococcum obtained from various 
organizations. 


Results and Consideration 


I. Aegilops 


1. Aegilops squarrosa EIG (2n=14, genome symbol DD) 


Since Ae. squarrosa L. was recognized to be one of the ancestors of common 
wheat (McFAppDEN and Sears 1944, 1946, Kinara 1944, Ktnara and LILIENFELD 
1949), it has been our great concern to carry out further investigations in this 
species from various points of view. Accordingly, a collection of different vari- 
eties and strains of this species from its original habitats was urgently needed. 
This was one of the main reasons why the Scientific Expedition to the Kara- 


Aegilops and Triticum 5 


koram-Hindukush was organized by Kyoto University in 1955. 

a. Collected materials and geographical distribution 

Various strains of Ae. sguarrosa were collected from 106 different habitats, in 
almost all areas expolored (Table 3). On the basis of their habitats and morpho- 
logical characteristics they were divided into 179 strains (Table 4). Variety 
nMames were determined after E1c (1929). The strains have been maintained at 
the Research Institute for Agricultural Plants, Faculty of Agriculture, Kyoto 
University, Kyoto, Japan. 


Table 3: List of the collected samples of Ae. squarrosa L. 

















mae . Variety Locality or source ar | Collector® 
2001-3 var. typica L. Quetta, Pakistan S | K,Y 
2001-6 a a ao S | a 
2003-4 var. anathera Eic a ao S ao 
2005-2 a a ao a 
2008-1 a a t S b 
2014-1 var. typica L. a a S a 
2015-1 var. anathera E1c Quetta ~ Chaman, a a 
2016-1 intermediate» Chaman, a | ao 
2017-2 var. anathera Ec a 4 S a 
2024-7 intermediate Kandahar - Jaldak, Afghanistan S-W ao 
2026-2 var. typica L. 4 ao so 
2032-1 intermediate Jaldak, “a | 
2033-1 | var. typical. , 4% * b ® 
2035-1 ao t ” | 6 
2036-1 intermediate ta ao | ” 
2037-1 var. typica L. Jaldak - Ghazni, a Ww o 
2038-1 “a a “a Ww | a 
2040-2 a Ghazni, a | 4 
2042-2 a Kabul, ao | o 
2043-1 a a a Ww a 
2045-3 ao | o ao a 
2046-2 a a a | ” 
| 











1) Stock No. is based on the individual No. of 1956 culture. 2) 3) 4) S. bottom of Tab. 3. 
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Table 3 (Continued) 


2047-1 
2049-9 
2051-1 
2053-2 
2054-1 
2055-3 
2055-4 
2057-1 
2058-3 
2059-2 
2060-3 
2063-2 
2066-9 
2067-3 
2069-3 
2072-2 
2074-1 
2075-1 
2076-3 
2078-1 
2082-3 
2083-2 
2083-8 
2084-4 
2085-1 
2085-6 
2087-2 
2087-6 
2088-2 
2089-1 
2089-6 
2090-2 








var. typica L. 

eo 

> 

yy 

a 
var. anathera E1c 
intermediate 
var. anathera Eic 
intermediate 
var. typica L. 
intermediate 
var. typica L. 

4 

o 

4a 

ao 

a 
var. anathera Ec 
intermediate 
var. typica L. 

o 

oe 

o 

4 


ao 


intermediate 
var. typica L. 
- 


a 





Kabul, 

Unknown 

Kabul - Pul-i-Khumri, 
Pul-i-Khumri 


Pul-i-Khumri - Haibak, 


a 


a 


a 


a 


ao 
a 


a 


Y 


Haibak, 
Andkhui - Maimana, 


Maimana, 
ao 
Maimana - Laman, 
ao 
a 


o 


Afghanistan 


o 


4 


4 
id 
a 


ao 


ao 
ao 


a 








a 


Y 


Y 


Y 


a 


a 


Y 





Table 3 (Continued) 


2091-1 
2092-2 
2093-4 
2095-2 
2095-9 
2096-2 
2097-2 
2099-4 
2101-4 
2102-5 
2103-2 
2104-2 
2105-1 
2106-2 
2107-1 
2108-4 
2109-4 
2111-7 
2112-3 
2115-4 
2118-1 
2119-1 
2120-1 
2122-3 
2123-4 
2126-2 
2128-4 
2129-1 
2130-3 
2131-3 
2132-9 
2133-1 





var. typica L. 

o 
intermediate 
var. anathera E1c 
intermediate 
var. typica L. 

” 

a” 

a 


o 


Y 


ad 


a 


ssp. strangulata 
Eic 


Y 


” 
var. typica L. 
o> 
4 
intermediate 
var. typica L. 


a 


ssp. strangulata 
Eic 
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Maimana - Laman, 
o 
b 
D 
4 


a 


> 
Ghazvin, 
Karaj (near Tehran), 
o 
a 
a 
Sari - Behshahr, | 
a 
Behshahr - Gorgan, 
a’ 
Gorgan — Khoshyailagh, 
ao 
a 
4 
“o 
4s 
Khoshyailagh, 
ao 
Firuzkuh, 
+ 


Sari - Behshahr, 


Afghanistan 





a 


o 


o 


. 


o 


ao 


a 


Y 


a 


a 


a 
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Table 3 (Continued) 


2134-1 
2135-3 . a 
2136-3 L 
2137-1 | a 
2138-4 | a 
2139-1 4 
2139-6 “a 
2139-10 var. typica L. 
2140-2 | a 
2141-2 " a 
2142-7 “o 
2144-2 var. meyert 
2145-2 | a 


2146-2 | var. typica L. 


2147-1 a 

2148-1 a 

2150-1 4 

2152-1 a 
2153-3 a 
2154-4 a 
2155-5 var. meyert 
2157-2 a 
2159-2 var. typica L. 
2162-6 intermediate 
2163-5 4 
2167-2 var. typica L. 
2168-1 a 
2169-1 | a 
2170-1 a 
2171-6 intermediate 
2172-3 a 
2173-1 | a 





ssp. strangulata 
EIc 


GRISEB. 


GRISEB. 





Sari - Behshahr, 
Behshahr, 
a 
Babulsar - Sari, 
a 


Babulsar - Chalus, 


a 
ao 
’ 
ao 
Ramsar, 
o> 
a 


Ramsar — Rasht, 
a” 
Rasht, 
Pahlavi, 
4a 
a 


Pahlavi — Astara, 


Ardabil, 
Ardabil - Surab, 
Mahabad, 
a 

Mahabad - Rezaiyeh, 
Rezaiyeh — Khoy 

a 
Khoy, 
Khoy - Tabriz, 








Y 


» 


a 


a 


Y 
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Table 3 (Continued) 
2174-1 | var. typica L. _ Khoy - Tabriz, Iran K 
2179-2 ! 4 a “a a 
2175-2 Zs : ised in chicken feed, in Tabriz, Y 
2176-8 | 4 i t ” 
2180 | intermediate OPM A akisnnn US SOUrtSY 
2181 | t : y 
2182 y a 
2) intermediate : jatermediate type beeen var. bie aid var. athova: 
3) S=Spring, W=Winter. 
4) K: H. Kinara, Y: K. YAMASHITA. 
Table 4. Number of strains and habitats of collected Ae. squarrosa 
Total typica® | meyeri strangulata 
Region Pik A i) aN ie IR a A a es 
Habitats pias. | Habitats | Strains || Habitats | Strains: | Habitats | pirains 
ae ee Pie ee eds 
Pakistan : | ! | 
Qutta 1 | ( wi wt | 9! 9 | 0 | 0 
Afghanistan: ! , 
Kabul | 22 | 35 i 22 3 =—Sté«O 0 | 0 | 0 
Puli-Khumrij 15 | 31. 15) 31° 0 o> oOo | 0 
Maimana sis ik 24 | 0 0 | 0 : 0 
Iran: 2 
Tehran | 6 | 4. 6 44 0 Oe ee Lo 
Gorgan ee ; ae ae 2 | 0 0 Is i al 
Pahlavi ' 48 3 2 ; 9 | WB 4: 7 0 | 0 
Tabriz 6) 9, 6! 9 ' 0! oo} oF 
Isfahan : 0 | oi; o: oO - 6 65 6 0 
A a rn 0 0 
ts 
Total | 106 i 179 | 88 | 151 4 | 7 15 | 21 
iy Provided by the courtesy of Dr. M. Arar, University of Tehran, Iran and Mr. M. Mon- 


taneD1, Department of Agriculture, Tehran, Iran. 
2) A mixed population with ssp. strangulata. 
3) Var. anathera and intermediate type is included. 
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typica inter- anathera meyert strangulata route 
mediate 
types 





Fig. 1. Map showing the localities of 





Fig. 2. A section of a wheat field showing an admixture of Ae. Squarrosa, 
near Ghazni, Afghanistan (June 6, 1955) 
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Ae. squarrosa along the?route of KUSE 1955 


Fig. 1 shows a map of the localities of var. typica, intermediate forms, var. 
anathera, var. meyeri and ssp. strangulata along the expedition routes. As it is 
difficult to plot all the habitats of 176 collected strains on the map, they are 
reduced in number proportionally to the numbers of the collected strains. 

Ae. squarrosa usually occurred in wheat fields or along field borders. In one 
habitat (Fig. 2) between Ghazni and Kabul, Afghanistan, Ae. squarrosa and 
Secale grew mixed in a wheat field; head samples from one meter squares con- 
sisted of 153 wheat, 27 Ae. squarrosa and 45 Secale heads. Ae. squarrosa was 
found only once in a barley field, which was located near a wheat field. Ae. squ- 
arrosa grew wild in many places. It was found also in the gardens surrounded 
by high walls where it seemed to be protected from grazing by sheep and goats. 
YAMASHITA met with a large prairie growth of Ae. squarrosa stretching as far 
as the eye could see in the north-west of Pul-i-Khumri, Afghanistan (Figs. 3, 4). 

Table 5 lists the collections of Ae. squarrosa from six places other than 
Pul-i-Khumri and Maimana. From the data and also from Fig. 2 it is clear that 
Ae. squarrosa is associated with wheat, as Echtnochloa is an associate of culti- 
vated rice. 

A small quantity of chicken feed obtained in a local market in Tabriz, Iran, 
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Fig. 3. Association of Ae. squarrosa with Ae. triuncialis, 
Pul-i-Khumri — Haibak, Afghanistan (June 27, 1955) 





Fig. 4. Ears and spikelets of Ae. triuncialis and 
Ae. squarrosa fallen on the ground, 
Pul-i-Khumri - Haibak, Afghanistan (June 27, 1955) 


contained seeds of Ae. squarrosa and other species and many kinds of weeds, Mr. 
H. Kakizakr provided similar samples from a village near Chalus in Iran, which 
contained seeds of Ae. sqguarrosa (Table 6). 

Having finished our collecting tour in Iran on July 30 (1955), Kmmara and 
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YAMASHITA returned to Karachi, Pakistan and went to Rawalpindi, where they 
visited the herbarium of the Gordon College. They found there two specimens of 
Ae. squarrosa, both being typica. One was collected from Kaghan (N. W. F. P.) and 
the other from Sambal Nallay, Srinagar, both representing probably the eastern- 
most habitats in the distribution of Aegilops species. 


b. Morphological characters 


Ae. squarrosa differs from other diploid species of Aegilops by its barrel-type 
disarticulation and truncate sterile glumes. After Eic (1929) this species is class- 
ified into two subspecies, namely ssp. eu-squarrosa Eic and ssp. strangulata Etc. 

Ssp. eu-squarrosa contains three varieties, typica, meyeri and anathera. They 
are described as follows: 


Table 5. Number of strains of Ae. squarrosa collected 
in wheat fields and other places 














MarIENy. 
Habitat ee. ‘TInter- | ; i . | stran- | strangulata ! Lata 
| typica | mediates tes | anathera ht meeyert | _ gulata l4typica? 
. _ eee ea a Be ey 
Wheat fields with: | 
| 
T. vulgare i 16 | 11 4 0 13 3 47 
T. durum 2 Ae a 0 0 0 1 0 1 
Sum / 16 | 4 Oo: 14 3 48(59%) 
Other places : a oe oe 0 + 33(41%) 
Total jseoe il: ak By 7) 6 : 38 ia 
1) Mixed population of strangulata and typica. 
Table 6. Number of seeds of wheat and Ae. squarrosa 
found in chicken feed in Iran 
Source Wheat grains | Ae, ear Tess (spikelets) MtaEeS: 
Tabriz 8441) om 31 Ae. eilinavica. Ae. crassa 
' Ae. triuncialis, barley, etc. 
Chalus_ | 2998 70 Barley, wild oats, Galium sp. 


ae | balsam SP. 


1) 51 were probably rye = ees 


Var. typica L.: This variety has the largest distribution. The ears are thick 


and the number of spikelets is large (9~11 or more). Spikelets are thick and 
have long awns. 
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Var. meyeri GriseB.: Ear is very slender and short. Number of spikelets 
ranges from four to eight. Awned except for the two lowest spikelets. 

Var. anathera Ec: All spikelets except two apical ones are awnless. 

It seems that awnlessness (anathera) is associated with thin and short ears 
and awnedness with thick and long ears, but there are many exceptions, e.g. 
anathera-type with thick and short ears. 

Ssp. strangulata E1c is characterized by its short and beaded ears. The 





Fig. 5. Ears of Ae. squarrosa 


SSP. eu-squarrosa 
a. var. typica (No. 2045-3), 
b. var. anathera (No. 2003-4), 
c, intermediate type (No. 2036-1) between (a) and (b), 
d, var. meyeri (No. 2143-2), 
ssp. strangulata 
e. (No. 2136-3) 
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width of sterile glume usually exceeds the length. Grains are round. Morpholo- 
gically there is no apparent variation in this group. 

Fig. 5 shows different types of ears found in Ae. squarrosa. 

(i) Varietal relations 


As mentioned above, three varieties are known in ssp. eu-squerrosa. Vars. 
typica and anathera and their intermediate types were found in the whole area. 

It seems that there are at least three allelomorphic pairs among ssp. 
eu-squarrosa, namely: long vs. short ears, thick vs. thin spikelets and awned vs. 
awnless or short awned outer glumes. The first alternatives, i.e. long ears, thick 
spikelets and awned glumes characterize var. typica, while the other alternatives 
are found in var. anathera. There are also various recombinants, for example 


ai 
ae 
Ps 4 
sy 
= 





a b c d e f 
Fig. 6. Variation of ears in Ae. squarrosa ssp. strangulata 
a. No. 2111-7, b. No. 2115-4, c, No. 2118-1, d. No. 2122-3, 
e. No. 2139-1 intermediate types between ssp. eu-squarrosa 


and ssp. strangulata, 
f. No. 2140-1 var. typica 
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Table 7. Width/length ratio of sterile glume in Ae. squarrosa from Iran 


Width/length ratio 





Stock No. Locality Variety ____| of sterile glume _ 

2107 Tehran | true typica 0. 75 
2129 Khoshyailagh typica 0. 92 
2135 Behshahr true strangulata 1.18 
2139-1 Babulsar strangulata 1. 04 

-10 a typica 0. 89 
2140 ao true typica 0. 73 
2141 ao a 0. 72 
2144 Ramsar meyert 0. 67 











Fig. 7. Variation of ears from strangulata type (left) to eu-squarrosa type (right) 
in the progeny of samples collected in Babulsar —Chalus, Iran 


Aegilops and Triticum 17 


an awned type with thin and short spikes like var. meyeri. 

Var. meyeri was localized in the Pahlavi region and ssp. strangulata was 
found only in the Gorgan region, but not in other regions. Occasionally interme- 
diate types between ssp. strangulata and var. typica occurred (Fig. 6). These 
types differed markedly in the width and length of sterile glumes. 

In various strains from Iran, the width/length ratio of sterile glume was 
examined and the figures are listed in Table 7. No. 2107 from Tehran in the 
Tehran region and Nos. 2140 and 2141 from Babulsar in the Pahlavi region are 
thought to be typica showing the ratios 0.75, 0.73 and 0.72 respectively, and No. 
2135 from Behshahr in the Gorgan region with the ratio 1.18 to be ssp. strangulata 
(Fig. 7), while, the varieties from the border areas between the above three 
regions gave intermediate ratios, namely 0.92 for typtca from Khoshyailagh (No. 
2129), 1.04 for strangulata from Babulsar (No. 2139-1) and 0.89 for typica also 
from Babulsar (No. 2139-10). These figures suggest that the variation is due to 
hybridization among the varieties of the neighboring regions. 

No. 2144 meyeri gave the ratio 0.67. 

Gi) Plant height and tillering habit 

The materials were divided on the one hand into four classes according to 
plant height, namely less than 50, 50~65, 65~80 and over 80cm, and on the other 
hand into four categories according to tillering habit, namely, procumbent, semi- 
procumbent, semi-erect and erect. The distribution of these characteristics is 
shown in Table 8. 

It is noteworthy that many tall plants were found in the Gorgan region, all 
of them belonging to ssp. strangulata. Three tall typica-strains with upright 


Table 8. Variation in plant heights and tillering habits 











, ~50 50~65 65~80 80~ ‘ Procumbent | Semi-procum. Semi-erect |. Erect 

Quetta 4 4 1 oO 0 : 0 ! 9 ! 0 
Kabul | 3 nu w of] o | 1 / 31 | 0 
Puli-Khumri | 4 27 1 0 0 | 7 6 | 0 
Maimana | 4 14 5 0 0 3 | 20 | 0 
Tehran : 1 8 3 3 0 | 4 i 7 : 4 
Gorgan ! 0 0 10 10 0 | 3 | 17 ! 0 
Pahlavi : 8 14 0 0 is 9 : 0 | 0 
Tabriz | 2 4 6 0 o | 4 i 8 | 0 

Total 2 0682 akCia | 31 (our loa 
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Fig. 8. Ears of Ae. squarrosa var. typica 
collected in the Tehran region, Iran 


a, No. 2105-1 poy c, No. 2106-1 
b. No. 2108-4 ; d. No. 2130-1 } giant 
e. No. 2131-3 


tillers were found in the Tehran region (Fig. 8). They showed the standing habit 
even in young seedling stage. Procumbent habit was exhibited only by strains 
from the Pahlavi region, which is located next to the Gorgan region. They 
belonged to var. meyeri. 

Gii) Waxiness 

Almost all species of Aegilops have green leaves, stems and ears, and only 
a few strains with waxy character are known in Ae. umbellulata, Ae. caudata, 
Ae. speltoides and Ae. triuncialis, etc. All the strains of Ae. sguarrosa in our 
old collections were non-waxy, while, 10 strains from seven habitats out of 48 
strains from 25 habitats in three neighboring regions, namely Tehran, Pahlavi 
and Tabriz in Iran, were waxy (Table 9). Non-waxy plants were usually not 
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mixed with waxy, but in two habitats in Khoshyailagh and Karaj, Iran, mixed 
populations were found (Fig. 9). Hence it can be concluded that the waxy 
character in Ae. sguarrosa is distributed, in a very restricted area, around the 
Elburz Mountains. As has been so far observed all the plants with waxy 
character had zigzag ears, but the analyses concerning this correlation have not 
yet been completed. 

Purple seedlings are of common occurrence in Ae. sguarrosa. However, 


Table 9. Ten strains with waxy character in Ae. squarrosa collected in Iran 








Stock No. Locality Variety 
2106-2 Karaj (Suburbs of Tehran) var. typica 
2107-1 a 4% a 
2130-3 Khoshyailagh intermediate type* 
2132-9 Firuzkuh var. typica 
2162-6 Ardabil intermediate type* 
2163-5 Ardabil - Surab | a 
2172-3 Khoy ao 
2180 Near Chalus | 2 
2181 a | “o 
2182 a | a 








* Intermediate type between var. typica and var. anathera. 





ity, 


Fig. 9. Map showing the habitats of Ae. squarrosa with respect to waxiness 


4 non-waxy, @ waxy, © mixed 
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strains with green seedlings (a recessive character) were found mixed in the 
materials obtained in two isolated regions, Tabriz in Iran and Maimana in Afgha- 
nistan (Table 10, Fig. 10). Namely, green and purple seedlings were found in 
six populations from 15 habitats in the Maimana region, and in two populations 
from six habitats in the Tehran region. Only a population from the Maimana 
region was pure green. 


Table 10. Distribution of seedling colors in Ae. squarrsoa in two regions 





Mixed populations of Population of 


Region | Habitats green and purple seedlings green seedlings 








| 
Maimana, Afghanistan 15 | 6 | 1 


| 
Tabriz, Iran 6 | 2 0 
l 





AFGHANISTAN 


@ purple 
©O green 
© mixed 


Fig. 10. Geographical distribution of purple- and green-seedling 
colors in Ae. squarrosa in the Maimana region, Afghanistan 


(iv) Color and shape of ears 

Variation in color of ears was observed as given in Table 11. Almost all 
Squarrosa-strains have black, purplish-brown or brown ears, but strains with 
yellow ears were found in three regions, Pul-i-Khumri, Maimana and Tabriz. 
Yellow ears occurred only in var. typica, while almost all strains or ssp. stvan- 
gulata and var. meyeri had black ears, The strains with purplish-brown ears 
were found in three neighboring regions, Kabul, Pul-i-Khumri and Maimana, but 
none in other regions. 


Ears of Ae. squarrosa are usually cylindrical, but zigzag spikes were found in 
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Table 11. Distribution of ear colors in Ae. squarrosa 











Region Black Purplish-brown Brown Yellowish-brown Yellow 
Quetta 7 0 : 0 | 0 0 
Kabul 7 10 0 0 0 
Pul-i-Khumri | 1) 10 0 | 7 | 1* 
Maimana 2 13 7 1 | 2* 
Tehran 10 0 : 1 | 0 i 0 
Gorgan ~ a 0 | 0 0 | 0 
Pahlavi 13 0 2 0 0 
Tabriz 3 0 | 5 | 0 | 3* 

Total 53d 33 | 15 | 8 6* 














* Stock Nos. of the strains with yellow ears are Nos. 2053-2, 2083-8, 2087-6, 2167-2, 
2168-1 and 2170-1. 


some strains from two neighboring regions, Tehran and Pahlavi, but not from 
other regions. 


ec. Physiological characters 


Differentiation in physiological characters was also observed among strains 
collected from Pakistan, Afghanistan and Iran. 

Ci) Shooting date 

Early, intermediate and late shooting strains were found. There was a 
marked tendency to late shooting in the materials from the regions of higher 


Table 12. Frequency of strains with various shooting dates in 
Ae. squarrosa obtained from eight regions 


Shooting date observed in Kyoto, 1956 











Region 
~5/V ~10/V ~15/V ~20/V ~25/V ~31/V ~5/VI ~10/VI ~15/VI 
Pakistan : 
Quetta | 5 3 1 
Afghanistan : 
Kabul 1 5 8 7 7 2 1 
Pul-i-Khumri 7 19 3 1 
Maimana 5 13 4 1 
Iran: 
Tehran 1 7 3 1 0 1 
Gorgan 12 6 2 
Pahlavi 7 3 
Tabriz 3 1 3 
Total 1 22 43 16 24 26 18 5 1 
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latitude or in the western regions, namely Tehran, Gorgan, Pahlavi and Tabriz, 
while early shooting types were found more often among plants of lower latitudes 
or in the eastern regions, namely Quetta, Pul-i-Khumri and Maimana. But the 
strains collected in higher altitude from Jaldak to Kabul were mostly of the late 
shooting type (Table 12). 

ii) Seed-fertility 

There was no significant difference in the seed-fertilities between plants culti- 
vated in Kyoto and those grown under wild conditions in respective localities. 
This may indicate that the collected strains of Ae. sqguarrosa are adaptable to 
the climate of Kyoto. This was also ascertained from the fact that those escaped 
grew wild around the experiment field in Kyoto. The adaptation may be ascribed 
to the fact that the flowers of this species are almost clistogamous which is 
favorable for seed setting even in wet weather. Since we knew that any grasses 
which cover the sand dune of Tottri on Japan Sea are serionsly wanted, we 
planted various species of Aegilops, including squarrosa, triuncialis, umbellulata, 
cylindrica, etc. and left them in free propagation in the grounds of the Sand 
Dune Laboratory, Tottori University, Tottori, Japan. The expriment was begun 
in 1961. By now Ae. squarrosa has formed an association of a good size. 

Gii) Growing habit 

Winter-habit prevails in the wild types of Triticum and Aegilops, especially 
in the diploid species. Therefore it may be assumed that this is an ancestral 
character. 

Thirty-one strains which were obtained from different regions have been stud- 
ied for their growing habit in the experiment field in Kyoto. Seven spring-types 


Table 13. Distribution of winter-, intermediate- and spring-types in Ae. squarrosa 

















Region Winter-types Intermediate-types Spring-types Total 
Pakistan : 
Quetta 0 | 1 4 5 
Afghanistan : | 
Kabul 3 3 | 1 7 
Pul-i-Khumri 1 0 2 | 3 
Maimana 0 3 0 3 
Iran: 
Tehran 4 0 | 0 4 
Gorgan 2 0 0 2 
Pahlavi 4 0 0 4 
Tabriz 3 0 0 3 
Tota 7 | ih a ee 








1) Stock Nos. 2001, 2003, 2008, 2014, 2017, 2069 and 2071. 
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Fig. 11. Map showing the localities of 


respective growing habits in Ae. squarrosa 


@ spring-type, © intermediate-type, 
& winter-type 


and seven intermediate-types were found in Ae. sguarrosa from four regions, 
Quetta, Kabul, Pul-i-Khumri and Maimana (Table 13, Fig. 11). Namely, among 
five strains from the Quetta region, four strains were of spring-type and one 
strain was of intermediate-type, while three strains from the Kabul region and 
one strain from the Pul-i-Khumri region were of the winter-type. 

From all other regions in Iran only winter-types were found. 


Civ) Resistance to rusts 


N. Hiratsuka, Faculty of Agriculture, Tokyo University of Education, Tokyo, 
Japan), tested the seedling resistance of 136 strains of Ae. sguarrosa to uredospres 
of yellow rust, Puccinia striiformis WESTENDORF (P. glumarum ERIKSSON et 
HENNING), brown rust, P. recondita RoBERGE et Desm. f. sp. tritict and black rust, 
P. graminis Pers. f. sp. tritici (Table 14). He divided the types of susceptibility 
to rusts into five groups, A, B, C, D and E. The relationship of susceptibility 
types to various rusts are summarized as follows. 


A-group B-group C-group D-group E-group 

yellow rust S S MR-S S S MR-S 
| | | fo BEN | 
brown rust S R-MR R S MR-S MR R-MR R 5 
SOX Sy eee NS \Z | | 
black rust S MR-S S MR or R-Rm R- R-MR R S 


Remarks : S=Susceptible (3 or 4), MR=Moderately resistant (2), R=Resistant (0 or 1). 
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Table 14. Susceptibility of various strains or varieties of Ae. squarrosa to yellow rust 
(Puccinia stritformis), brown rust (P. recondita f. sp. tritict) and black rust 
(P. graminis f. sp. tritict) (Hiratsura 1959) 











. Stock No. | Puc cinta | ne ete 
Variety | Chocalty or source) |¢griformis | "Sp tritit | &'sp, tritici | GTOUP 
| 2001 (Quetta, Pakistan) | s }@ | s@ | S G4) A 
20024 o ° § dA) s @) | s @) | A 
2014 4 4 S (4) S (3-4) S (34) i; A 
et Si eine | S (4) S @4) Ss @) ) A 
2027 (Kabul, *” J| $§$ G4 { S @® S @4) A 
2029 4 4 | Ss (4 i S (3) S (3-4) A 
2030» t 's GH) s @ Ss (3) A 
2031 4 “a | s@ ! s @) S (3-4) A 
2033 (Jaldak, 4 | Ss @ | S (3-4) Ss (3) A 
var. typica | 2035 a a | S (4) i og (3-4) S G4) A 
WGN Je eh SGD: S28) S (3) A 
20388 + a | S (4) S (3) S (3-4) A 
2040 (Ghazni, a) | Sm |: S (4) S (3) A 
2041 (Kabul, a) | S (4) : S (3) S (3-4) A 
2042 a | Ss @ ; s @) S (3-4) A 
2043 oe a | § (3-4) i S (3) S (3-4) A 
2045 4 a : Ss @ | S G4) S (3-4) A 
2046 4 4 § 3@) S (3-4) S (3) A 
2047» t S 4) | S$ (4) S (34) | A 











F.N.: S=Susceptible (3 or 4), MR=Moderately resistant (2), R=Resistant (0 or 1). 

Group A=Yellow rust (S)-brown rust (S)-black rust (S); Yellow rust (S)-brown rust 
(S)-black rust (MR-S). 

Group B=Yellow rust (S)-brown rust (R)-black rust (S); Yellow rust (S)-brown 
rust (R-MR)-black rust (S); Yellow rust (MR-S)-brown rust (R)-black 
rust (S). 

Group C=Yellow rust (S)-brown rust (S)-black rust (MR); Yellow rust (S)-brown 
rust (S)-black rust (R-MR); Yellow rust (S)-brown rust (MR-S)-black 
rust (R); Yellow rust (S)-brown rust (MR-S)-black rust (R-MR); Yellow 
rust (S)-brown rust (MR-S)-black rust (MR). 

Group D=Yellow rust (S)-brown rust (R)-black rust (R); Yellow rust (S)-brown 
rust (R)-black rust (R-MR); Yellow rust (S)-brown rust (R-MR)-black 
rust (R-MR); Yellow rust (S)-brown rust (MR)-black rust(R). 

Group E=Yellow rust (MR-S)-brown rust (S)-black rust (S). 
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Table 14. (Continued) 
eee 





2048 (Kabul, Afghanistan) | S («/ ~ § @) ' S (3-4) A 
2049 (Unknown) S@ ; § @M : S G4) A 
2050 s«@ § @) S (3-4) A 
el b=) sw) SG SM 
2052 Co / § (4) io § (4) | Ss (3) A 
2053 oa 5 S GH Ss (3) Ss (84) z 
2054 s ts | s @) | $ @ | S G4) A 
2056 4 ’ | s @ | § (3) : S (4) ) A 
2059 o * |S @) 3 S (3-4) | S G4) A 
2063 a a i $§ (4) S$ (3-4) | S (3-4) A 
2065 a 4 7 S @ : S (3-4) | S (3-4) , A 
2066 “a “a / § (4) : S (3) ! S (@-4) | A 
2067 ” s S (4) ! S (3-4) | S (4): A 
2068 a 4 | s @) | S (3-4) | S @4) A 
2069 * ” | S @) : S G4) i S G4) ' A 
_— | 2071 % t / ss @ | S @4) | S (4) i A 
var INE | ore ” ” |; s @ | Ss @4) | S G4) A 
2073 ’ * 's@ | s @) 3 S (3-4) ! A 
mma 0 6h |S A), 8 GH) SGA OA 
2079 ” ” | MRS(2-3), S (4) > S G4) i E 
2081 (Unknown) $s @ | S G4) | S (3) A 
re Miimaee A GEES? S G4) ! S G4) | s GH | A 
2083 + o i s @ ! S$ @ | S @4 A 
2084» > ~s@ ! 8s Gw i S (G4) | A 
2085 » ” | S (4) s G4)! $§ (3) A 
2086 4% a i § (4) S (3-4) S 34): A 
| 2087 (Maimana, + )| S$ @4 ; S @4) S (3-4) . A 
; 2089 a ‘ | S (4) os (3) S (34) i A 
| 2 

2090 # o |S @ | S G4) | S G4) A 
2091 % a | S ©) | S (3-4) | S G4) A 
2092 + t | s@ | s @ |! Ss G4) oA 
2098 4 t 2 S (4) | s 34) | $s (3) / A 
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Table 14. (Continued) 
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2109 ao 
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2128 ao 
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2132 4 


2141 (Babulsar — 


Chalus, 
2142 (Ramsar, 


| 2143 a 
| 2146 (Ramsar - Rasht, 


2147 a 


| 2148 (Rasht, 


2150 (Pahlavi, 


2151 “a 
2152 “ao 
2153 a 


| 2154 (Pahlavi - 


Astara, 
2159 (Astara, 


; 2160 a 
| 2167 (Mahabad, 


2168 a 
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MR (2) 
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Ss 
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(4) 
(3-4) 
(3) 
(3) 
R-MR (1-2) 
S (3) 
MR (2) 
R-MR (0-2) 
Ss @ 
R-MR (0-2) 
R-MR (0-2) 
R-MR (0-2) 
S (3) 
S (3-4) 
Ss @ 
S (3-4) 
Ss 
R (1) 
R 
S 
S 
Ss 
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Table 14. (Continued) 
A ! 
| 2170 ae 2) § @ S (3-4) S (3-4) A 
2174 (Khoy-Tabriz, 4 )i $ (4) S (3-4) S (3-4) A 
var. typica | 9175 (Tabriz, my) 
: (Mixed in chicken feed) | MR-S (2- 3) | R (01) Ss @) B 
| 217% 4% 4 Ss @ S ©) S @ A 
siege da 2, 
| 2003 (Quetta, Pakistan). § (3-4) S (3-4) S (3) A 
2005 4 4 S (4) S (3) S (3) A 
2008 4 a Ss @ S (3) S (4) A 
Oe aa ry SW S (34) Ss @) A 
2017 (Chaman, 4 )' § (3-4) S (3) S (4) A 
2055 (Pul-i-Khumri — ; 
eee Haibak, Afghanistan) | S S (3) S (4) A 
| 2057 a a Ss } S (3) S (3-4) A 
| ‘ . 
| 2064 aa a cael ) i Ss (4) S (3-4). S (34) A 
2075 (Pul-i-Khumri - 
cack oS is @ S G4) S$ (3) A 
2094 (Maimana - 1 § (4) s @ i 8 @) A 
Laman, o ) 
2127 (Gorgan - s@m  R@o ! S$ @G4) B 
Khoshyailagh, Iran) | 
| | seheitees tiene aoe sh tae ee 
| 2111 (Sari-Behshahr, Iran). § (3-4) R (0) R-MR (0-2) D 
| 2112 t *  § @ | R @1 § @) B 
| 2115 (Behshahr - 
: ‘coe oS S (3-4) | R-MR (0-2): R-MR (0-2). D 
(21146 «4 4 S G4 Ss (3) Ss (3) A 
| 2118 4 4 S (4)  : R-MR (0-2): S (3-4) B 
; 2119 (Gorgan - 
Khoshyailagh, 7 ). S S (3) MR (2) c 
{2120 4 o ' § (3-4) S (3-4) MR (2) Cc 
itp; | 2122 4 ” S S S G4). A 
strangulata | 2123» o S (4) S (3) ‘RMR(O2)) C 
| 2133 (Sari-Behshahr, 4); § (3-4) | MR-S 8) | | R-MR (0-2) C 
2134 + % i § (3-4) S (3) ‘RMR(@2) Cc 
: 2135 (Behshahr, a Ss ® S (34) | MR (2) c 
2136 ” Ss (4) S (34) | MR-S(23) A 
| 2137 (Babulsar-Sari, 7). S$ (4) | MR-S (2-3) ' R-MR (0-2) C 
| 2138 r t Ss (4) S (34) .R-MR(O2) C 
12 Babulsar — 
poe ora S (4) MRS (2-3) MR (2) Cc 
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(Continued) 


em 


| 
| 
| 
var. meyer | 


intermediate | 
between 

var. typica 
and var. 
anathera 


intermediate 
between 

var. typica 
and ssp. 








2144 (Ramsar, Iran) S (4 R (0-1) 
2145 4 a S (3-4) | S (3-4) 
2155 (Pahlavi - | \ 
Astara, ao )\ S S 
2157 (Astara, 2) S @ § R ©) 
‘2016 (Chaman, Pakistan) Ss (3-4) | S (3-4) 
' 2024 (Kandahar - 2 
Jaldak, Afghanistan) | S @ : S G4) 
2032 (Jaldak, Ge. Dit BAHAY a Be) 
2036 a | S$ @M §$ S @) 

» 2058 (Pul-i-Khumri - 

Haibak, a ) S Ss @ 

' 2060 4 a a) S (3) 
2076 L i Ss (4) S (3-4) 
2088 (Maimana - \ 

| Laman, a ) Ss @ S @4) 

| 2093 % a | § (4) S (3-4) 

i 

;2095 +4 a | Ss @ | 8 G4 
2130 (Khoshyailagh, Iran) S (4 S (3-4) 
2162 (Ardabil, *)i § @ ! S @ 

| 2163 (Ardabil-Surab,% )/} S (4) S (4 
2171 (Rezaiyeh—-Khoy,% ) S (4) S (3-4) 
2173 (Khoy- Tabriz, 7); S (3-4) S (@-4) 

sialic, emesis asin tk % ones — ! Sateas came’. atioa? Si ao tel Maman 
2139a (Babulsar - 
halus, Tran) | (4) S @) 
21396 % o | (4) MR (2) 
2139¢ 4 | Ss (4) S (3-4) 


strangulata 





7 | 








R (0-1) | 
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(3) | 
(3-4) 
(3-4) 
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According to his experimental! data, almost all strains of Ae. squarrosa, var. 
typica, var. anathera and the intermediate type, are susceptible to all three rusts, 
while all strains of var. meyeri and most of ssp. strangulata are resistant to 
yellow rust. 

Namely, as shown in Table 15, all strains of var. meyeri were resistant to the 
brown and black rusts, being of C- or D-type resistance, 11 out of 16 strains 
of ssp. strangulata were also resistant to the same rusts. 


Table 15. Susceptibility of Ae. sqguarrosa to rusts 





Susceptibility 





Variety feeder ges Gee ae ete et Ns rea ---» Total 
A-group | B-group , C-group . D-group | E-group 
ie eee ee ” pole eta manads Pace ady i) 
typica ' 73(83. 920) | 5( 5.7%) | 7( 8.0%) | 1€ 1.2%) | 1(1. 2%) 87 
anathera ' 10(90.9%) | 1€ 9.1%). 0 0 0 11 
intermediate type | 
between typica i 13(86.9%) | 0 ; 2(13. 320) | 0 . 0 15 
and anathera | | 
| | 
strangulata | 318.8%) | 212, 5%) | 9(56. 2%) | (12.5%) 0 16 
; : \ i 
meyeri | o | 0 | 260.0%) | 2(50. 0%) | 0 | 4 
: ! \ 
intermediate type ! | 
between typica =) | 0 | 2(66.67o) | 1(33.4%) | 0 3 
and strangulata | ! | | 
| 
aa ee ee one - vee s % . ~ a - - iy i. 
Total | 9 . 8 | 22 6 jl iy 398 


However, a few strains of var. typica and the intermediate type showed 
indications of C- or D-type resistance. The types of susceptibility to various rusts 
of a number or strains and varieties of Ae. sguarrosa from eight regions are sum- 
marized in Table 16 from the results of Table 14. The majority of the strains 
with C- or D-type resistance were collected in the Gorgan and Pahlavi regions. 
It is interesting that var. typica from the Pahlavi region is resistant, though from 
other regions it is susceptible. Namely among the 13 strains of var. typica 
collected in the Pahlavi region, seven strains have C- or D-type resistance. 

Since the climate is warm and humid in the Gorgan and Pahlavi regions 
along the Caspian coast, resistant varieties or strains would have been brought 
into existance in those regions by natural selection. 

The seedlings of F; hybrids between the resistant and susceptible strains and 
their progeny were inoculated with uredospores of Puccinia graminis f. sp. tritict 
and P. recondita f. sp. tritici. In the cross, meyerixtypica, resistance of meyert 
was dominant. The F, segregation seemed to be monogenic (Table 17). 
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Table 16. Frequency of Ae. squarrosa strains and varieties in eight regions, 
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with respect to susceptibility to rusts (Hiratsuxa 1959) 


—_——_—_—— LLL 















































| Susceptibility 
Region © Variety | Total 
| A-group | B-group | C-group | D-group | E-group 
typica | 3 0 | o | 0 0 : 
Guetta anathera 4 0 | 0 | 0 0 
typica 20 o 0 |} oOo } 0 
Kabul anathera 1 0 0 0 | 0 25 
intermediate type” | 4 0 | 0 o | 0 
| typica 16 0 0 0 1 | 
Gena | anathera ; 4 0 0 | 0 0 24 
intermediate type | 3 0 0 | 0 0 
| typica ' am jo 6dLlo | 0 0 
Maimana | anathera | 0 0 | 0 0 21 
| intermediate type? 3 | 0 0 0 0 
2. ent iit ! 
typica 7 2 1 0 0 | 
Tehran anathera 0 0 0 0 0 12 
intermediate type” 1 1 o | 0 | 0 
é strangulata 3 2 9 | 2 0 
organ intermediate type” 0 0 2 1 0 .? 
Fimnivo deed ~ — ss ! —- Sates 
typica i 4 2 6 | 4 0 
Pahlavi meyeri 0 0 2 | 2 0 19 
intermediate type” | 0 | 0 2 | 0 0 
ae typica | 6 1 0 | 0 0 
cd intermediate type” | 2 0 0 | 0 0 
Total | 99 8 | 22 ! 6 if 136 


1) Intermediate type between var. typica and var. anathera. 











2) Intermediate type between var. typica and ssp. strangulata. 
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Table 17. Segregation of resistance vs. susceptibility in the varietal 
crosses in Ae. squarrosa (HigaTSuKA 1957) 





P. recondita i P. gramintis 

Parent and cross combination f. sp. tritici f. sp. tritict 
tense Ses Me Ne hy ttt Nac oe, Mlle) ce ce lace 1) eeeeeaa ie. 2am 
var. meyeri (No. 2144-1) R | R-MR 
var. typica (No. 1)* MR-S S 
var. typica (No. 2107-4) S S 
var. meyeri (No. 2144-1) | Fi ! R | R 

Y x penta i ie: cea cas a 

var. typica (No. 2107-4) F. ' R23) S$ @ §' RGB £S 





var. meyeri (No. 2144-1) 


x eee 
var. typica (No. 1)* F, | R(6) $ (5) | R(8) § @) 


S: Susceptible MR: Moderately resistant R: Resistant. 
* Stain from the old collection of Kyoto University. 


| 
| 
| or | R R 
| 


d. Inter-regional hybrids 


Fertility, chromosome conjugation, morphological and physiological characters 
of F, hybrids among the strains obtained from different regions were observed. 
The characteristics and the seed-fertilities of the strains used in the crosses are 
given in Table 18. 

(i) Cytological observations 

Using eight representative strains from eight regions 24 different hybrids out 
of 56 possible cross combinations were obtained (Figs. 12, 13). So far observed 
no peculiarities were fcund. In the meiosis of PMC’s in the parental strains as 
well as in the hybrids, seven bivalents were normally found and the meiotic 
divisions were found to proceed regularly. Pollen-fertility was examined in all 
hybrids, the results are given in Table 19. Pollen-fertility of F, was usually 
slightly lower than that of the parents, approximatly 80 to 99%, in one excep- 
tional case 72%. Seed-fertility was higher than 80% in most cases. The lowest 
one was as low as 46%. The relationships in seed-fertility are illustrated in Fig. 
14. 

In some hybrids of inter-regional combinations low fertility was definitely 
observed, Many of the hybrids of No. 2144 from the Pahlavi region or No. 2129 
from the Tehran region were semi-sterile, while, F; hybrid between those two 
strains were normal. Those two strains had normal seed-fertility. Seed-fertility 
in all hybrids among the strains from three neighboring regions, namely Gorgan, 
Pahlavi and Tabriz, was very high. By careful analyses it was revealed that 
seed-fertility of F, between the strains from neighboring places was slightly 
higher than that of F, between the strains from distant places (Fig. 15). The 


Table 18. 


Morphological characters and seed-fertility of the strains of Ae. squarrosa from eight regions used 


in the inter-regional crosses and of three strains (Nos. 1, 2 and 3) from the old collection of Kyoto University 














Ear : See Seed- 

Nee Region ay? ee Length | Thickness| Awn Color Form Cem) “habit “Coy 
2001 | Quetta (Quetta) typica long thick long black cylindrical ~65 | erect 86. 1 
2047 | Kabul (Kabul) “ao a a 4 a a ~80 “a 73.0 
2058 | Pul-i-Khumri (Haibak) intermediate type* | short thin short | yellow a ~65 “a 92.7 
2095 | Maimana (Maimana - Laman)) anathera long a awnless| 7 a ~65 ao 92.7 
2129 | Tehran (Khoshyailagh) 1 typica ao thick long brown | zigzag ~65 | semi-erect 81.2 
2135 | Gorgan (Sari-Behshahr) Strangulata short | a | 4 black cylindrical ~80 | erect 92.0 
2144 | Pahlavi (Ramsar) meyeri ao | thin | “a “a ao ~50 | procumbent 81.9 
2173 | Tabriz (Khoy - Tabriz) intermediate type* | long | thick | short brown a ~80 semi-erect 93.1 
1 ; Derbent, USSR typica ao | a long black zigzag ~65 | erect 82.3 
2 | = a 4 | a | a “ao cylindrical ~65 a 91.4 
3 | Tashkent, USSR a a | 4 a brown 4 ~65 4 86. 1 
































* Intermediate type between var. 


typica and var. anathera. 
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Table 19. Pollen- and seed-fertility in the hybrids of the inter-regional 
combinations in Ae. squarrosa (Seed-fertility is given in parenthesis.) 




























































Quetta Kabul Pu Maimana| Tehran | Gorgan | Pahlavi| Tabriz 
Parents | No. 2001| No. 2047] Nor sug |No- 2095| No. 2129} No. 2135| No. 2144] No. 2173 
Quetta 
No. 2001 (88. 0) : 
Kabul 84.6 ! 
No. 2047 (82.6) | (93.1) 
Pul-i- Khumri 87.1 94.5 
No. 2058 (88.3) | (85.7) | (92.7) 
Maimana | gB.2 95.4 
No. 2095 (90. 3) (96.3) | (92.7) 
Tehran 83. 6 90. 6 97.3 
- 
No. 2129 (77.2) | (70.8) (87.1) | (84.3) 
Gorgan 89.4 90. 2 - 89. 4 95. 0 
No. 2135 (89.0) | (71.2) | (46.3) | (90.9) | (92.0) 
Pahlavi 72.3 80. 2 88. 4 90. 4 94.6 | 
No. 2144 (50.5) | (72.8) | (75.0) | (84.2) ] (95.5) | (81.9) 
Tabriz 91.5 92. 8 96.5 93. 6 89.3 84.1 | 87.4 
No. 2173 (88.0) | (90.8) | (97.7) | (85.7) ] (73.5) | (80.2) | (74.1) | (93.1) 
Pahlavi Gorgan 





te, Poe ee EN \— ———f Tehran 
\ 2129 
» -" 4 
* 
XN 
Quetta ‘a Maimana 
2001 2095 


Fig. 14. Seed-fertility relationships in the hybrids of the inter-regional 
combinations in Ae. squarrosa 


(Figure in a circle indicates the stock number. —— over 80%, -—— under 80%) 
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Fig. 15, Relationships of seed-fertility in inter-strain hybrids of three 
neighboring regions (Numeral on the line indicates seed-fertility.) 


low fertility may depend on minor differences in the genotypes of the parents 


and also on enviromental conditions. 


With respect to hybrid sterilities, three old strains, Nos. 1, 2 and 3, main- 


tained for many years in Kyoto were used for further studies. 


Fig. 16. Seed-fertility relationships among 
three squarrosa strains, Nos. 1, 2 and 3, 
after KiHaRA (1954) 


The fertility 
relationships among them can be seen 
from Fig. 16. There was no significant 
difference in the reciprocal crosses after 
KinarRA (1954). This results can be 
explained by the presence of two dupli- 
cate genes for the fertility of gametes. 
Namely No. 1 possesses two dominant 
genes (A, and A;), while No. 2 and 
No. 3 have A, or A: Accordingly 
sterile gametes having two recessive 
alleles (a,a,) will be produced by re- 
combination in the hybrids between 
No. 2 and No. 3. 

Using the three old strains, No. 1, 
No. 2 and No. 3 on one hand and eight 
strains representing eight regions on 


the other, 19 hybrids were obtained out of 24 possible cross combinations. Their 
fertilities are given in Table 20 and Fig. 17. No. 2 gave rise to many hybrids 


with lower fertility, while hybrids of No. 1 were highly fertile. 


However, it 


seemed to be difficult to draw a general conclusion from these results, as from 


the crosses among inter-regional strains. 


This of course could have been expected, 
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Table 20. Pollen- and seed-fertilities in F, hybrids of Ae. squarrosa between 
Nos. 1, 2 and 3 and eight strains representing eight regions 


i $I 


Parents No, 1 No. 2 ! No. 3 
= o_ ‘~ Simi, “ ae, tote esis ! eens ai — nee eee : ms - Scien ait, tbe: Yt ae 
Pollen Seed Pollen Seed Pollen Seed 
| 
Quetta (No. 2001) 88. 6% 87. 5% 85. 6% 74.4% | 94.5% 89.0% 
Kabul (No. 2047) 87.3 60. 3 90. 5 79.5 | =F al 


Pul-i-Khumri (No. 2058) —_ — — — = “= 














Maimana (No. 2095) ~ — 91.0 89.7 — 87.4 
Tehran (No. 2129) 94.6 89. 1 80. 3 71.2 88.9 95.8 
Gorgan (No. 2135) | 92.1 95.8 82.4 70.0 84.9 52.9 
Pahlavi (No. 2144) | 96.8 88.1 89.7 76.1 — 63. 2 
Tabriz (No. 2173) | 84.7 91.1 73.1 aT. 94. 2 97.6 
Maimana pants Xabul Quetta 


2095 








Fig. 17. Seed-fertility relationships in the hybrids of Ae. squarrosa between 
strains Nos. 1, 2 and 3 and eight strains representing eight regions 


(Figure in a circle indicates the stock number.) 


Seed-fertility : —— over 80%, ---- under 80% 


aS we can not draw any distinct lines between two regions and introgressive 
hybridization may have taken place fairly often between different strains. In a 
wheat field near the border between the Gorgan and Pahlavi regions, ssp. stran- 
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gulata, var. typica and intermediate types grew mixed together. 

By further crossing experiments, a ring of four chromosomes was found in 
addition to five pairs in all hybrids of No. 2107 with 10 other strains, as given 
in Table 21 and Fig. 18. Therefore it can be assumed that No. 2107 had a reci- 
procal translocation. The frequency of PMC’s with a ring of four chromosomes 
amounted to 97.2% ~99.0% (an average being 97.8%). The frequency of alterna- 


Table 21. Chromosome pairing and fertility in the hybrids of 
No. 2107 and other strains of Ae. squarrosa 
















Frequency of the | pojien. | Seed- 






Cross | No, of ae }|__types of © _|tertility | fertility 
combination | observed (%) O (%) (%) 
2107 x 2095 330 | 321 9 97.3 | fos 40) fun Fa 81.4 | 31.0 

x 2106 135 132 3 98.5 | cera casa 81.2 | 74.0 
x 2108 565 | 553 12 97.7 | ree a) ant 87.4 | 54.0 
x2i29| 108 | 105 3 | 972 i | Geek | P| = 
x 2130 177 172 5 97.2 én 2) ( aa) | 9-5 | 70.0 
x 2172 441 432 9 97.9 cat ans) 87.7 | 76.2 
x 2176 104 103 1 99. 0 weno raat 89.3 | 69.0 
x 2180 243 | 236 7 7.1 | ra) bani) 90.9 | 69.5 
x 2181 246 | 242 4 98.3 | crs) | caz6) | 8%6 | 73.0 
x 2182 715 | 701 4 | 98.0 lis (se OD 89.6 | 70.5 








Fig. 18. M. I. with @+5, in a hybrid including No. 2107 as one of the parents 
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tive or zigzag configurations of the ring of four chromosomes ranged from 53.3 to 
65.1% (an average being 59.4%). 

The pollen-fertility or the percentage of stainable good pollen grains in those 
hybrids was 81.2~90.9% (an average being 87.2%). The seed-fertility was 31.0 
~76.2% (an average being 65.2%). 

No. 2107 was found in a collection from a habitat 1~2km from Karaj, Iran. 
It was one of three strains separated morphologically from the collection, namely, 
No. 2107 with thick ears, No. 2108 with intermediate ears and No. 2109 with 
thin ears. Nos. 2108 and 2109 have no reciprocal translocation. 

Cit) Morphological observations of hybrids 

Height of culms of F, hybrids is given in Table 22, The hybrid plants were 
higher than the parents in many cross combinations. In some cases, however, the 
hybrid plants were intermediate between the parents, while in a few cases they 
were shorter than the parents. The data of other morphological analyses of F, 
hybrids are given in Table 23. It is not clear from these observations whether 
the respective characteristics can be explained on the basis of one or more 
genes. 


Table 22. Culm height in F, hybrids 





Number of cross combinations of Ae. squarrosa which gave hybrids: 





taller than the parents intermediate between the parents | shorter than the parents 


: 
| 
20 | 11 | 5 


Table 23. The phenotypes of F; hybrids of Ae. squarrosa in regard 
to various morphological characters 











Character Cross combination F, hybrid 
Procumbent habit standing x procumbent procumbent 
Ear color black x yellow black 
Waxiness waxy <non-waxy non-waxy 
Ear type normal x zigzag zigzag 
Seedling color purple x green purple 
Grain shape long x round long 

(var. typica) (ssp. strangulata) 
long x round round 
(var. meyeri) (ssp. strangulata) 
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(iii) Physiological observations 
The flowering dates in the F,; hybrids were also observed, as given in Table 
24. In the cross combinations of var. typicax var. typica and var. typica x var. 


Table 24. Flowering date in F, hybrids 


typica x typica | 5 | 19 4 
typica x meyeri 1 | 5 1 
typtca x strangulata 5 2 : 2 
meyeri x strangulata | 1 _ = 


meyeri, almost all hybrids showed intermediate flowering dates between the 
parents, while in the cross combinations of var. typica x ssp. strangulata they 
showed earlier flowering dates than the parents. 


e. Some aspects regarding the centre of diversity 


Variations of various characters are listed in Table 25. 

Throughout the whole route of the expedition which extended from Quetta to 
Tabriz (Isfahan excepted), Ae. sqguarrosa was found almost continuously, but not 
a single specimen was collected between Mashhad and Tehran. However, KuCKUCK 
(1954), who stayed for three years in Tehran as an FAO expert, collected Ae. 
Squarrosa in the province of Khorasan, near Mashhad, Chuchan, Bojnurd and 
Sabzawar. There he obtained also three other species, Ae. triuncialis, cylindrica 
and crassa. 

In the mountainous districts (Damaneh and Shahr-Kord) of Isfahan, no Aegtlops 
species was found. Neither could Kuckuck during his two collecting tours succeed 
in finding Aegilops. The conditions in the spelt region (altitude 2,000~2,380 
meters) probably are, as he states, unfavorable to Aegilops. 

In Azerbaijan, Kucxuck failed to collect Ae. sguarrosa, though he found many 
other Aegilops species. However we were fortunate in finding Ae. sguarrosa in 
many places along the route around Lake Rezaiyeh, as shown in Figs. 1, 9 and 12. 

Ae. squarrosa is rich in variation as listed in Table 25. In short, we can say 
that within this wild species there is a series of parallel variations, similar to 
those which occur among cultivated cereals like wheat and rye. Such characters 
as the spring growing habit, early flowering, erect culms and large grains are 
usually found in crops which man has cultivated for many centuries. Such cha- 
racters might have arisen as spontaneous mutations and have been subjected to 
selection for many years since they were growing in wheat fields. 

We will assume a sguarrosa-strain which grows among a spring wheat popula- 
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Table 25. Variations in morphological characteristics in the strains of 
Ae. squarrosa collected in Pakistan, Afghanistan and Iran 





: | 
Fone Character | Awn of lateral spikelet ‘ Ear color 























| 
Region BAS short : long | long | imlenear diate | awnless | black | purple | yellow 
Mime | por eee) ae Sh fg 
Tran Lo | eat + | + + | + = + 
| | | | | 
Ear type Grain size Grain shape Color of Height (cm) 


seedling 





cylindrical zigzag | large | small | long | round red | green | ~50 |50~65 | 65~80 80~ 














+ | | + | + - + + + + - 
+ + | + | + : + + + + + + + + 
| 
Procumbent or erect Leaf Shooting 

‘procumbent] Doria bene semi-erect| erect non-waxy | waxy | early |intermediate| late 

= + + | x + | - | + | 

| 
+ + + | + + | + | - + | + 


Reaction to rust | 
P. gramints 
f. sp. tritict 


susc. | resist. 
+ | + | o+ | + | 
2 | 


rf = p= pep ep eye 32 


Growing habit 





P. triticina Total of + characters 














winter |intermediate rin = 
| SPHING susc. | resist. 


| 
= 25 


| 
vor | + 
| 


F. N.: + or — indicates the presence or absence of corresponding characters. 


tion is harvested together with the wheat and sown together in a different place. 
If this process were repeated for many generations, this sqguarrosa-strain would 
never survive unless it acquired the spring growing habit. For earliness, a similar 
selection would take place. Of course if sqguarrosa strains with ancestral characters 
grew very often near or in wheat fields, this process of selection would not be 
simple. In fact we found that often plants belonging to the ancestral type grow 
in wheat fields. 

Varietal differences within the collective sguarrosa species lie in the morphology 
of the ear, namely size, shape and number of spikelets presence or absence of 
awns. Two varieties, typica and anathera, can be found almost everywhere. Var. 
meyert and ssp. strangulata, occupy narrow belts along the Caspian Sea. Var. 
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meyeri is distributed along the south-western shore (Pahlavi), while ssp. stran- 
gulata is found along the south-eastern shore near Gorgan. Both of them showed 
resistance to certain rust strains. This character might be advantageous for them 
as these regions are humid and plants are easily diseased by fungi. In general we 
might say that physiological mutants grow in their respective habitats owing to 
their adaptation. Among morphological characteristics, plant height seems to be 
also subjected to natural selection. In Gorgan weeds are luxuriant and tall, and 
ssp. strangulata, the only representative of this species in this area, is very tall. 

A wealth of various forms of Ae. squarrosa was encountered in Iran, especially 
the districts around the Elburz Mountains. Here almost all of the variations were 
concentrated. Among them occurred types which distinguish cultivated plants 
from their wild ancestral forms, namely rust resistance, erect habit, green seedlings, 
zigzag ear, large round grains and height. Waxy leaves may be also counted as 
such characters. Their occurrence indicates the existence of long duration under 
semi-cultivated conditions. 


2. Aegilops crassa Boiss. 
(2n=28 and 42, genome symbols DDM«'M«' and DDD.D.M*'Mc') 


a. Collected materials and their geographical distribution 


Ae. crassa includes two polyploid forms, 4x and 6x. Ae. crassa has been 
known to be distributed through Palestine, Syria, Iraq, Iran, Afghanistan and 
Turkestan (E1c 1929), but the respective geographical distributions of the 4x and 
6x forms have not been established as yet. In our old stock, however, one strain 
from Iraq was 4x, while one from Tashkent in Turkestan, U.S.S.R. was 6x. 

A considerable number of Ae. crassa strains were collected in Afghanistan 
and Iran (Tables 26, 27). Our studies revealed that all the strains from lran 
were 4x, while in Pul-i-Khumri and Maimana, Afghanistan, 4x and 6x grew 


Table 26. List of Ae. crassa Boiss. collected in Afghanistan and Iran 


Growth | 














Stock No. | Ploidy | Variety | Locality or source habit [Collector 
i ees Ineeeatee lee. tovee cee ear eee Gea 
asoi-6 | 4x | eM variety | Kandahar —Jaldak, Afghanistan | W-S , K,¥ 
2302-6 o | Jaldak, ” |w-s | + 
| New variety 
208 e | (awnless type) a | ¢ 
2306-7 | 4% | a | a 4 | W-S 4 
2307-8 | 4 ) Lb A ‘ ! — 
2309-6 | 4 4 ” | S | « 
| { | 
2310-6 , 6x . | Pul-i-Khumri-Haibak, 4 | W-S | Y 
| i : A ERA seated 
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Table 26. (Continued) 





2311-5 
2311-6 
2312-1 
2315-5 
2317-4 
2318-1 
2320-1 
2322-1 
2322-4 
2325-2 
2327-1 
2328-1 
2329-1 
2330-2 
2331-8 
2332-1 
2334-3 
2336-3 
2337-2 
2338-5 
2340-5 
2341-2 
2342-1 
2343-3 
2345-2 
2347-6 
2347-4 
2349-1 
2352-7 
2353-1 
2354-1 





4x 
6x 
a 
4x 
6x 


4 


a 
a 
a 


a 


1 1 
' I 





Pul-i-Khumri — 


Haibak, Afghanistan 
a a 
“a 4 
a 4 
a a 
a a 
a a 
Maimana - Laman, a 
“a “a 
4 a 
a a 
a a 
Laman, a 
Laman - Herat, a 
a “a 
a a 
Ghazvin, Iran 
“a a 
a t 
Tabriz — Mahabad, a 
Mahabad - Rezaiyeh, a 
a o 
a 4 
a ao 
“a a 


Mixed in chicken feed 
in Tabriz, 


a 


Collection of Agr. Exp. 
Sta. Tehran, 


a 
ad 
a 


a 


| 


\ 








a 


a 


4 


a 


a 


a 


4 


a 
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Table 26. (Continued) 





Collection of Agr. Exp. 


2356-1 | 4x | Sta. Tehran, Iran 

2357-6 | % | ¢ " 

2358-2 | 6x | e a 
ake, 


1) K: H. Kinara, Y: K. YAMASHITA. 


Table 27. Ae. crassa collected in Afghanistan and Iran 
EEE EEE 





Region | Habitats Strains 4x 6x 
Sa: _ — a men ee ewes = oe ee : =: _ ea ee airy Peay ae é rs fe . . + 

Afghanistan : | i 
Kandahar* 2 9 | 9 0 
Pul-i-Khumri | 7 13 | 2 11 
Maimana | 7 12 3 9 

Iran | 

Tehran : 2 5 5 0 
Tabriz | 10 10 10 0 


* Kandahar is included in the Kabul region. 





mixed, and in Kandahar and Jaldak, in the southern province of Afghanistan, 6x 
was not found (Figs. 19, 20). 

As given in Table 28, many strains of this species were collected in seven 
habitats along the highway from Pul-i-Khumri to Haibak, and also in seven 
habitats from Maimana to Herat in Afghanistan. It was found that 6x plants 
predominated in the Pul-i-Khumri and Maimana regions. Namely, two habitats in 
Pul-i-Khumri - Haibak and two habitats in Maimana- Herat contained associations 
of 6x and 4x forms (Fig. 21). Besides, one population in Maimana- Herat was 
found to be pure 4x, while other populations, five in Pul-i-Khumri - Haibak and four 
in Maimana - Herat, were pure 6x. 

The progenies of the samples of Ae. crassa collected in Afghanistan were 
raised in Kyoto in 1955~1956, and they were studied cytologically. The results 
are given in Table 29. Consequently it was ascertained that 4x and 6x plants 
were mixed in the original associations. 

It was interesting to find that Ae. sguarrosa, a diploid species, was also 
found commonly mixed with those associations, but natural hybrids either between 
Ae. squarrosa and any of the 4x or 6x of Ae. crassa or between 4x and 6x of 
crassa were not found. 

It can be thought that the 6x form originated in the northern stretch of the 
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Fig. 19. Habitats of Ae. evassa ([_] 4x, MM 6x) in Afghanistan 
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Fig. 20. Habitats of Ae. crassa ({_] 4x) in Iran 


Table 28. Progeny tests of Ae. cvassa from Pul-i-Khumri — Haibak 
and Maimana - Herat 





Region Habitats 4x 6x 4x and 6x mixed 


| 

— a ana e 
| 
| 


Pul-i-Khumri — Haibak 


7 0 5 


Maimana — Herat 7 | 1 4 ; 2 
| | | 


Aegilops and Triticum & 


a b c d 
Fig. 21. 4x and 6x Ae. crassa collected in the Maimana region, Afghanistan 


a. No. 2322-4 (4x), b. No. 2322-1 (6x), 
c. No. 2331-8 (4x), d. No. 2330-2 (6x) 


Table 29. Cytological results in the progeny from the seeds of 
Ae. crassa growing mixed with other species 





Habitat Plants 4x 





Pa | 6x | Hybrids | Mixture 

28km from | | 

Pul-i-Khumri 13 6 | | 0 | Ae. squarrosa 
41km from | 

Pul-i-Khumri 37 7 | 0 ro 
40 km from 8 , | Ae. squarrosa, 

Maimana | Ae. triuncialis 
1km from 12 | Ag. squarrosa, 

Laman | | As. triuncialis 

| | 


oe | | | 
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Hindukush range, where it was found mixed with 4x form. 
b. Morphological characters 


The culm height of the 4x strains from Afghanistan and Iran was 40~55cm 
and that of the 6x strains from Afghanistan was 50~70cm (Table 30). 


Table 30. Variation in plant height in Ae. crassa obtained from five regions 





Number of strains with the height (cm) 














Region - is Cin rama cs alina eee a j Sea asp Midis a a lia ae ete tie sat Ge detec bist er 

~45 45~55 55~65 65~ 
‘ 1 
os hake recta esta Bet pee he ne 

Kabul 4x | 5 | 1 ! 0 0 
Pul-isKhumri 4x 1 | 2 0 0 
6x | 0 3 i 2 | 0 
Maimana 4x | 1 2 0 0 
6x | 0 : 1 3 2 
Tehran 4x | 2 1 0 0 
Tabriz 4x | 3 | 7 ( 0 0 
Total 12 17 5 2 








There are distinct differences between Afghan and Iranian strains of Ae. 
crassa. Namely, the Iranian group is procumbent and has narrow, dark-green 
leaves, while the Afghan group is erect and has broad, light-green leaves. 

In Kandahar and Jaldak in Afghanistan, a new awnless 4x type was found. 
Namely the strains of Ae. crassa from the habitats in Kandahar and Jaldak were 
all 4x and were awnless or very short awned type (Fig. 22), which has not yet 
been described in any of the two monographs of the genus Aegilops by ZuuKo- 
vskyY (1928) and Eic (1929). This form can be a new variety. 

The awnless type is inherited in a more or less simple Mendelian fashion, 
awnless being dominant over awned. The segregation in F, was 48:17 being about 
3:1. 

After E1c (1929), Ae. crassa is divided into four varieties, namely var. typica 
Boiss., var. glumiaristata Eic, var. macrathera Boss. and var. palaestina Etc. 
The morphological difference in the ears between 4x and 6x forms is also distinct. 
Namely, 4x has nodose ears, while 6x form has more or less cylindrical ears. 
Accordingly it is thought that most probably var. macrathera corresponds to 4x 
form and var. glumiaristata to 6x form, but var. fypica is the collective of 4x 
and 6x. Var. palaestina, which was collected near the Jordan ~-Syrian border by 
YAMASHITA and Tanaka in 1959”, is hexaploid and is quite distinct from the other 
6x form. After TANAKa (unpublished), the genome constitution of this variety 


1) The Botanical Mission of the Univensity of Kyoto to the Eastern Mediterranean Countries 
(CBMUK) in 1959, 
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Fig. 22. The new type of 4x crassa collected in 
Kandahar - Jaldak, Afghanistan (No. 2306-7) 


is most probably DM"S!; hence, it would have to be recognized as a new species. 
It may be the same which CHENNAVEERAIAH (1960) established as a new species 
Ae. vavtlovii, from his karyotype studies. 
c. Physiological characters 
Ci) Flowering date 
45 out of 58 strains of Ae. crassa have been observed for flowering date in 
the experiment field in Kyoto. As shown in Table 31, there are significant 
differences in the flowering date between Afghan and Iranian strains. Iranian 
strains are very late, while Afghan strains, both 4x and 6x, are early. 
(ii) Growing habit 
23 out of 58 strains of Ae. crassa have been studied for growing habit in 
the experiment field in Kyoto. As shown in Tables 32 and 33, winter-type 
was not found, while spring- or intermediate-type was found in each of the three 
regions in Afghanistan, either in 4x or 6x. In Iran spring-type was also found in 
Tehran, and intermediate-type in Tabriz. 
TANAKA (1959) reported that the wild types of Aegilops and Triticum have 


48 H. Kimara, K. YAMASHITA and M. TANAKA 


Table 31. Frequency of strains with various flowering dates in Ae. crassa 





Flowering date observed in Kyoto, 1956 






































Region ~11/V ~16/V ~21/V ~26/V 
——___—_- ————S Total 
4x 6x 4x 6x 4x 6x 4x 6x 
Afghanistan : | 
Kabul 0 7 9 = 0 = Or 9 
Pul-i-Khumri 0 2 3 6 0 0 0 11 
Maimana 1 0 1 4 1 4 0 0 11 
Total 1 2 | 13 10 1 4 | 0! 0 31 
Iran: : : 
Tehran 0 a 0 = 4 = 0 = 4 
Tabriz 0 — 0 a Dele Soe 5 —- 10 
i | 
Total 0 | —_ | 0 | _— 9 ai 5 = 14 














Table 32. Results of the experiments on the shooting and growth habits in Ae. crassa 











: . Stock |Chromosome Shooting habit? Growth 
Region Habitat No. |number (n)| March® | April® | habit® 
20 20 

Afghanistan : | “— te 
Kabul Kandahar 2301 | 14 + 7 | I 
Jaldak 2302 14 | + - I 

to 239066 | 014i St - ! I 

ao ‘ 2309 | 14 ' + ! + | S 

Pul-i-Khumri | Pul-i-Khumri-Haibak] 2310 | 21 ! + _ | I 
& 2311-5 14 + + | S 

a 2311-6 21 + - I 

a 2312 21 + - I 

“a 2315 14 + = I 

a 2317 21 + + S 

a 2318 21 + + S 

ao 2320 21 | a + S 

Maimana Maimana - Laman 2322 21 + | I 
a 2325 21 + | + S 

a 2327 14 + + S 

a 2328 21 + + S 
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Table 32. (Continued) 














Laman , 2330 | 21 2 

Laman -~ Herat 2332 | 21 + S 
Iran: | 

Tehran Ghazvin 2334 14 + 7 Ss 
a 2337 i 14 : + | S 
| Tabriz - Mahabad 2338 | 14 + = I 
| + 2342 | “Moo: + ! - I 
Mahabad - Rezaiyeh | 2345 | 14 | + \ = I 
1) +:headed, —:not headed 


2) Dates of sowing time. 
3) I: intermediate-type, S: spring-type. 


Table 33. Distribution of winter-, intermediate- and spring-types in Ae. crassa 


























Winter | Intermediate Spring 
Region Sie Sr er, etal 
4x | 6x Ax 6x 4x ; 6x 
Afghanistan : | | 
Kabul | 0 0 | 3 0 o ! 4 
PuliKhumri | 0 | 0 i 4 3 3 | 8 
| 
Maimana 0 0 | 0 1 4 6 
' | ( ' 
Total 0 | o | 4 | 4 3 7 | 48 
Iran: | 
Tehran 0 _ ; 0 —_ : 2 a 2 
Tabriz 0 — 3 — 0 = 3 
ak = S, i a pi i e axes mane us = phe i aes Saye —— 
Total | 0 | a — } 2 f] — | 5 





the winter growing habit. They are thought to be the ancestral types. It is 
interesting that the spring-type predominated and occurred in a majority in spite 
of that the two putative ancestors, Ae. sguarrosa as D-genome donor and Ae. 
comosa or Ae. uniaristata as M-genome donor, are of winter-type. 
(iii) + Seed-fertility 

The seed-fertilities of the collected samples from original habitats and of the 
cultivated ones in the experiment field in Kyoto have been observed. As shown 
in Table 34, there is no difference in the seed-fertilities of the materials from the 
two sources in 4x, while there is some indication in 6x that the seed-fertility is 
a little higher in the materials from the cultivation in Kyoto than in those from 
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Table 34. Comparison of seed-fertility between materials from the original 
habitat and those from the experiment field in Kyoto, in Ae. crassa 




















Seed-fertility 
Material 2 |—>- AS = aa = ea 
~20% | ~40% ~60% | ~80% | ~100% 
Original habitat (1955) 0 | 0 | 4 10 14 
4x 
| Experiment field (1956) | 0 | 0 2 13 9 
| ° 
! any a a oe te . 
, | | | | 
Original habitat (1955) 1 | 2 8 4 2 
6x i 
| ! 1 3 15 


Experiment field (1956) | oOo | 0 





its original habitats. 
d. Origin of 6x crassa 


Apical upper margin of empty glume is one of the characteristics represented 
by M-genome, while, truncate upper margin of empty glume is the one represented 
by D-genome of Ae. squarrosa. 4x exhibits the former character while 6x the 
latter one. Futhermore 4x has a nodose ear, while 6x has more or less a cylin- 
drical ear which might be attributed to the double dose of D-genomes. From these 
facts, it can be said that the third genome involved in the 6x form is supposed 
to be D-genome, which is found in Ae. sguarrosa. The hybrid between 4x and 
6x forms showed the chromosome pairing of as many as 141. However there 
were more multivalents, indicating the duplication of D-genomes. 

An amphidiploid was obtained by colchicine method from the cross between 
Ae. crassa 4x (DDM*M*) and Ae. squarrosa (DD). The genome constitution of 
the amphidiploid should be DDM*M*DD. The synthesized amphidiploid is quite 
similar to the 6x species of Ae. crassa morphologicaly (Figs. 23, 24). The chro- 
mosome pairing, pollen- and seed-fertility of the amphidiploid are given in Table 
35. The chromosome pairing of the plant is good (average number of bivalents 


» 
pS 
= 


Squarrosa with DD, 
Ae. comosa with MM, 


; . evassa 4x with DDM*'M*, 
a b c d e DDD,D,McrM*t 


onans 
PS 
S&S 


Ae. untaristata with M"M), 
Ae. crassa 6x with 


Fig. 23. Shapes of empty glumes in lateral spikelets 
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Fig. 24. Ears of Ae. crassa 4x (a), Ae. squarrosa (b), synthesized 
amphidiploid, DDM‘c™Mc'DD (crassa 4x x squarrosa) (c), Ae. crassa 
6x (d), and (DDM*M¢e'DD x crassa 6x) Fi (Ce) 


Table 35. Chromosome pairing (per cell) and fertility of the 
synthesized amphidiploid DDM*™McrDD 





| 


Fertility (%) 
Univalents | Bivalents Trivalents Tetravalents 








| Aeeraue 
| yang Pollen | Seed 
| 
0.5 19. 83 | 0.16 0.33 | 20.57 96.8 | 97.2 
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per cell is 20.57) and its fertility is nearly normal. 

The hybrid between the amphidiploid and Ae. crassa 6x was raised for 
further investigations (Table 36). The hybrid showed rather good chromosome 
pairing on the average, namely maximum pairing was about 1911, and the fertility 
was high, namely the pollen-fertility was 68.9% and the seed-fertility was 89.1%. 


Table 36. Chromosome pairing (per cell) and fertility of the hybrid between 
the synthesized amphidiploid DDM*™M«'DD and Ae. crassa 6x 





Fertility (%) 


Uni- Bi- Tri- Tetra- Higher Average 


Combination valents| valents | valents | valents | multivalents| pairing Pollen | Seed 


Ae. crassa 6x 


2.0 14. 02 0. 24 18. 92 68. 8 89.1 











x 
DDM*rMe'DD 


Based on these data it will be concluded that Ae. crassa 6x might have arisen 
as an amphidiploid of the hybrid between Ae. crassa 4x with DM*-genomes and 
Ae. squarrosa with D-genome. 

The 4x form of Ae. crassa could have originated somewhere in or around 
Asia Minor. From the fact that both 4x and 6x forms were found in a mixture 
in the northern stretch of the Hindukush Range in Afghanistan, namely in the 
Maimana and Pul-i-Khumri regions, it can be said that the 6x form originated 
there from the cross between the 4x form of Ae. crassa (DDM*™M*) and Ae. 
Squarrosa (DD). 


3. Ae. triuncialis L. (2n=28, genome symbol CCC¥C" ) 


a. Collected materials and geographical distribution 


After E1c (1929), Ae. triuncialis L., a tetraploid species, is divided into two 
subspecies, namely eu-triuncialis Eic and orientalis E1c. Ssp. eu-triuncialis has 
two varieties, typica L. and constantinopolitana E1c, while ssp. orientalis has 
three varieties, assyriaca Eic, persica (Boiss.) Eic and anathera Haus. et Born. 

After Eic (1929), the geographical distribution of Ae. triuncialis is very 
wide corresponding almost the whole area of the distribution of the genus. Var. 
typica covers the whole area of the distribution of this species, while var. 
constantinopolitana is found in a very limited area of western Turkey. Three 
varieties of ssp. orientalis are found only in the Orient. Among those three 
varieties, persica has the largest area extending from Iran to Afghanistan but 
anathera occurrs only in Iran, while assyriaca has a very limited distribution in 
Assyria in eastern Turkey. 

As shown in Tables 37 and 38, and Fig. 25, var. typica was collected in the 
Pul-i-Khumri, Tehran and Tabriz regions and also in a very small area of the 
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Table 37. List of Ae. triunctalis L. collected in Afghanistan and Iran 

















ereck Variety Locality or source | ar inees ona 
NP Na ee a es eS Ne igs Data te at eet SERENE gM rg 
2502-2 | var. typica L. | Pul-i-Khumiri — Haibak, Afghanistan non-waxy : Y 
2502-8 4 i ” o jwaxy 4 
2503-1 a a s ) non-waxy | a 
2505-1 * | ”  |wary 
! { 
2505-4 4 “ao “a non-waxy a 
2506-1 to ! ” oo | s 
2507-1 t | t * ! wary 
2508-5 a | “a “ao | non-waxy a 
2509-8 “o | ” “o | waxy | & 
2509-5 ao | a a ! non-waxy | o 
2510-5 te | 4 e 1 og | & 
2511-7 ao | a a waxy o 
2511-2 o ! t % | non-waxy | % 
2513-1 | var. assyriaca Eic | Maimana - Laman, a waxy a 
2517-1 ao | a a non-waxy a 
2519-3 | var. persica (Botss.) Ete | a a waxy i & 
2522-3 | var. assyriaca Eta | ao 4 | non-waxy i & 
2522-10 o | % a | waxy | 
2523-6 | var. persica (Boiss.) Ea ! ao a ! ao a 
2524-9 ao | a a | non-waxy | 7 
2525-9 ” ! L > | waxy ! * 
2526-4 | var. assyriaca Eta ! a a | non-waxy ! a 
2527-3 “o a a ' waxy ” 
2528-3 ao | a + non-waxy : 4 
2529-1 o ” a | ao | a 
2530-1 a | a ” | a ! a 
2530-2 | ” | L o | @ | a 
2530-5. | a i 4 a | waxy | o 
2531-1 | var. persica (Botss.) Ete a ao non-waxy | 7% 
2532-5 | var. assyriaca Eia Laman, a 2 ao | ao 
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Table 37. (Continued) 


etwas 








2533-6 | var. persica (Botss.) E1a | Laman, Afghanistan | waxy | ¥ 
2534-4 | var. assyriaca Eio Laman -~ Herat, a non-waxy ! 4 
2537-6 | var. typica L. Nishabur — Sabzawar, Iran 2 waxy | 4 
2404-3 ao Ghazvin, ao i 6 K 
2541-5 a 4 a non-waxy 4 
2549-1 ao a a non-waxy | 4 
2549-9 a 4 a waxy ” 
2550-5 4 ao a non-waxy a 
2554-1 “a a a a % 
2556-3 | a o “a a o 
2561-4 4 a ao a ao 
2407-1 | ao a a waxy a 
2408-1 | a a a “ao 4 
2562-4 a ao “ao non-waxy “a 
2565-9 “ao o “a “a % 
2569-9 4 a a > a 
2572-3 a Kara}, a” o a” 
2572-6 a 4 a waxy % 
2575-6 Z a a ao a 
2576-11 a 4 a non-waxy 4 
2577-1 a Gorgan - Khoshyailagh, a 4 4 
2578-10 a 4 a a a 
2579-2 ao Tehran, ” a” | & 
2580-2 | as a 4 L | 4 
2582-9 | a 2 Lb “o a” 
2583-7 ao Tehran - Firuzkuh, a a a 
2584-2 a o a 7 4 
2586-9 | a 4 a a | & 
2587-5 | 4 | Tabriz, ’ a | a 
2588-14 a | a a” | “ao | 4 
2590-1 + | 4 yt ge hy 
2592-2 a 4 a a | a 
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Table 37. (Continued) 

2593-5 | var. typica L. : Tabriz — Mahabad, Iran non-waxy : K 
2595-10 t | Mahabad, * o 4 
2596-1 + | Mahabad - Rezaiyeh, 4 et \ & 
2604-2 a : ao a” ao : ao 
2604-10 a | a 4 ' waxy a 
2605-1 ao a a non-waxy a 
2607-1 a ! a a ” ao 
2608-3 a | Rezaiyeh - Khoy, a ao i @ 
2610-2 + ” a Be <b ap 
2613-5 a 4 “a a a 
2614-1 a | Khoy, ao a a 
2615-1 “ao Khoy - Tabriz, a ao a 
2616-7 “ao | ‘a a ao a 
Depa P : Mixed in chicken feed ¥ | - 
2618-2 a ! a a “a | 4% 
2451-2 | var. assyriaca Eta a a 4 a 
2eai-7 | var. typica L. | cient: ee 
2624-3 | new variety ? a ao a 
2625-1 | var. typica L. | ” b b 
2627-4 a a ao a 
2628-2 a a a a 
2629-3 ‘a a a ‘a 
2630-1 ” t t a! 
2631-1 4 a tn ' “ao 
2632-4 ” ” o | waxy 
2633-1 a : % ao | non-waxy 
2634-2 | new variety ? : ao” a a : 
2637-2 | var. typica L. ! a a 4 : 
2638-9 a a a a | 
2639-8 » | ” o | wo | 
2640-5 t | b >} ! ‘ 
2641-1 | var. assyriaca E1u a ” + 
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Table 37. (Continued) 





2642-1 | var. typica L, , e : ‘ 
2643-2 | a py ‘ ! ; : 
2644-1 a Z Z | s 
2645-2 a ; 7 
2646-3 | ao % 5 | 5 
2648-2 | “a % 5 : Z | 
2649-4 a x , | , | 
2650-1 | 4 4 a waxy | 
2652-4 | var. persica (Botss.) Eta : a ¥s aaawae | 











1) K: H. Kinara, Y: K. YAMASHITA. 


Table 38. Distribution of the varieties of Ae. triuncialis in Iran and Afghanistan 

















Region Variety | Habitats Strains 
Afghanistan : | 
Pul-i-Khumri typica 10 14 
Maimana persica | 
| persica+assyriaca mixed 2 2 
assyriaca 6 10 
Total 21 30 
Iran: | 
Tehran typica ; 9 24 
Gorgan typica 2 2 
Tabriz typica 15 ; 18 
Total 26 44 








Gorgan region, but was not found in the shore area of the Caspian Sea. 

Var. anathera was not found in any region. 

Var. persica was found only in the Maimana region, where var. typica was 
not found. Var. assyriaca was found unexpectedly in this region. As given in 
Table 38, three habitats gave pure populations of var. persica, two habitats mixed 
populations of vars. persica and assyriaca, and six habitats pure populations of 
var. assyriaca. 
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Fig. 25. Map showing the localities of Ae. triuncialis along the route of KUSE 
@ typica, © assyriaca, © persica, ( )) mixed population 


b. Morphological characters 


Ssp. eu-triuncialis E1c (Fig. 26) 
Both sterile and outer glumes of apical spikelet have 2~3 awns and also sterile 
glumes of all lateral spikelets are awned. Disarticulation of the ear is umbrella 


Fig. 26. Ears of Ae. triuncialis 
a~e : ssp. eu-triuncialis var. typica 
collected in the Pul-i-Khumri 





\ ; Lf region, 
\ : { ie f ~ j : ssp. orientalis var. assyriaca 
- é/ , nt? collected in the Maimana region, 
yt | > i k~N : ssp. orientalis var. persica 
i ‘ ! i collected in the Maimana region, 
i" ig B O~S : ssp. eu-triuncialis var. typica 
. Ly ‘i collected in the Tehran region, 
; | y : t~Y : ssp. eu-triuncialis var. typica 
‘ - collected in the Tabriz region 
‘ y ‘ 
t } 
\ ; a, No. 2502-2, b. No. 2506-1, 
c. No. 2507-1, od. No. 2511-7, 
e. No. 2511-2 
a b c d e 


Fig. 26. a~e 
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f. No. 
g. No. 
h. No. 
i. No. 
j. No. 





f g h i j 


k. No. 2524-3, 
1. No. 2525-2, 
m, No. 2525-4, 
n. No. 2525-1 





k 1 m n 


Fig. 26. (Continued) k~n 


2513-1, 
2529-1, 
2530-2, 
2532-5, 
2528-3 
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0. No. 2541- 5, 
No. 2408- 2, 
No. 2578-10, 
No. 2580- 2, 
s, No. 2584- 2 


o tT 
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q r s 


Fig. 26. (Continued) o~s 


t. No. 2595-10, 
u, No. 2604-10, 
v. No. 2607- 1, 
w, No. 2613- 5, 
x, No. 2615- 1, 
y. No. 2616-7 


Vv w x y 


Fig. 26. (Continued) t~yYy 
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type with no exception. 

Ssp. orientalis E1c (Fig. 26) 

In apical spikelet, sterile glume has 1~3 awns or none, while outer glume has 
none. Disarticulation of the ear is umbrella type or sometimes barrel type. 

Var. assyriaca E1c has one slender awn in lateral spikelet, while var. persica 
(Boiss.) Eic has 1~2 short awns or teeth in upper spikelet. It was observed that 
vars. assyriaca and persica occur side by side in common populations in the 
Maimana region. Therefore, there is a possibility of hybridization between the 
two varieties. Probably for this reason, wide and continuous variation was 
found between the two varieties. Accordingly, it was difficult to give a clearcut 
classification between vars. assyriaca and persica based on the morphological 
differences. 

According to Matsumura and Konpo (1942) the awned character is incom. 
pletely dominant over the non-awned in Ae. triuncialis. 

Ci) Height of culm 

The plants were classified under four classes by their height, namely less 
than 35, 35~45, 45~55 and 55~65cm, as given in Table 39. Taller plants were 
found in the Tabriz and Maimana regions. 


Table 39. Variation in plant height in Ae. triuncialis 

















Number of strains with the height 
Region : : Spo : 
~35.cm ~45 cm ~55cm | ~65cm 
Afghanistan : | , 
Pul-i-Khumri ! 1 11 1 0 
Maimana 0 9 10 0 
Total 1 20 | 11 | 0 
Iran: | | 
Tehran 2 | 18 | 4 0 
Gorgan 0 0 | 2 0 
Tabriz 0 11 4 
Total 2 20 | 17 : 4 











(ii) Waxiness 
Among 47 localities, 30 had pure non-waxy populations and four pure waxy 
polulations and the rest mixed. In the mixed populations usually non-waxy plants 
were dominating. In the Maimana region, however, waxy plants were found 
more than non-waxy ones (Table 40). 
Since non-waxy is dominant over waxy, non-waxy plants should be either 
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homozygous or heterozyous. Actually all waxy plants gave rise to waxy progenies, 


while some of the non-waxy plants segregated waxy progenies, indicating that 
hybridization occurred between waxy and non-waxy in nature. 


Table 40. Frequency of waxy and non-waxy populations in Ae. triuncialis 








| Pie: 
; | : ; Non-waxy i Waxy Mixed populations 
Region Habitats populations = populations |= (non-waxy: waxy) 
<= a ee . 
Afghanistan : | ! | 
Pul-i-Khumri 10 5 1 4 ( 22:10) 
Maimana 11 | : 2 5 ( 37: 42) 
Iran: 
Tehran 9 | 5 1 3 ( 98: 14) 
Gorgan 2 2 0 0 
Tabriz ; 15 14 0 1¢ 9: 5) 
Total 47 30 4 13 (166 : 71) 





Ciii) Glume pubescence 

In almost all Aegilops species, both pubescent and glabrous types are found, 
pubescent being dominant over glabrous. The distribution of these characters is 
given in Table 41. 

Among 47 habitats, the strains from 25 habitats were pubescent and the 
strains from 14 habitats were glabrous, while both pubescent and glabrous strains 
were collected from the remaining eight habitats. 

The glabrous type is probably a mutation from the pubescent type. It is 
noteworthy that the glabrous plants occurred in an overwhelming majority in the 
Pul-i-Khumri region. 


Table 41. Frequency of pubescent or glabrous in Ae. triuncialis 














Number of habitats: 
Region — oe ee eee 
pubescent glabrous mixed 
Afghanistan : | 
Pul-i-Khumri 1 | 9 | 0 
Maimana 6 1 : 4 
Iran: | 
Tehran 5 | 2 2 
Gorgan 1 | 1 0 
Tabriz 12 | 1 2 
Total : 25 14 8 
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ce. Physiological characters 


(i) Shooting date 
Early, intermediate and late shooting types were found in the strains of Ae. 
triuncialis, as given in Table 42. 
There was a marked tendency to late shooting in the strains from Iran, while 
early shooting types were found more often in the strains from Afghanistan. 


Table 42. Frequency of early and late shooting strains of Ae. triuncialis 


obtained from five regions and other source 

















Shooting date observed in Kyoto, 1956 
Region or source - 
~5/V ~10/V ~15/V ~20/V ~25/V ~31/V 
Afghanistan : 1 
Pul-i-Khumri 2 5 2 2 2 0 
Maimana 7 7 4 2 0 
Iran: 
{ 
Tehran 0 0 3 6 0 
Gorgan 0 0 0 | 0 2 0 
Tabriz 0 0 0 4 4 
Agr. Exp. Sta., 
Tehran 2 0 2 4 13 2 
Total 4 12 14 20 33 6 




















(ii) Seed-fertility 
As shown in Table 43, the fertility of the samples from the original habitats 
in 1955 was much higher than that of those from the cultivation in the experi- 
ment field in Kyoto in 1956. The low fertility of the latter is probably due to 
the influence of the rainy conditions during the flowering time. 


Table 43. Comparison of seed-fertility between materials from the original 
habitat and those from the experiment field in Kyoto in Ae. triunctalis 


Seed-fertility 





Material | Soe fe oe a sa - = 
| ~20% | ~40% | ~60% | ~so% | ~100% 
A et ee = a po (oe Ee — Ss Py mie ares Ne ates TN, ee a 
original habitat (1955) a ne ee re 10 
| | 
Experiment field (1956) 37) BS | 
{ 
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Gii) Growing habit 
Sixty-five strains collected in 33 habitats from the different regions have been 
studied for growing habits in the experiment field in Kyoto. The results are given in 
Table 44 and Fig. 27. They were classified into 29 spring-types, 23 intermediate- 


Table 44. Distribution of winter-, intermediate- and spring-types in Ae. triuncialis 

















Number of strains: 
Region and variety <= Phe ee te Total 
‘ . ’ . 1 . i 
winter intermediate* | spring 
a - - = ete: — a! — oo = — I! —— ee 
Pul-i-Khumri: | ! 
typica | 2 | 3 6 11 
Maimana : | 
persica 0 5 | 6 
assyriaca 10 2 13 
Tehran: 
typica 2 2 I 18 22 
: | 
Gorgan : i i | 
typica 1 | 1 0 | 2 
Tabriz: | | | 
typica 7 2 2 11 
Total | 
: : } i 
typica 12 8 26 a 
persica+ assyriaca . 1 : 15 | 3 





* Intermediate-type in this case is closer to spring-type than to winter-type. 





Fig. 27. Map showing the geographical distribution of respective 
growing habits in Ae. triuncialis 


@ winter-type, @ intermediate-type,  spring-type, ( )) mixed population 
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types, and 13 winter-types. Eighteen out of 22 strains from the Tehran region 
were perfect spring-types, and 18 out of 19 strains from the Maimana region 
were intermediate- or spring-types, while, seven out of 11 strains from the Tabriz 
region were winter-types. 

However, mixed populations of spring- and winter-types were found near 
Tabriz in the Tabriz region and also near Haibak in the Pul-i-Khumri region. In 
this species also the spring-type might have arisen by a natural mutation from 
the winter-type. 


d. Origin of ssp. eu-triuncialis E1c and ssp. orientalis E1c 


The origin of Ae. triuncialis presents one of the most puzzling problems. 
Ssp. eu-triuncialis is represented by var. typica, and ssp. orientalis by var. persica. 
Ssp. orientalis is distinguished eventually by the characteristics such as barrel type 
disarticulation and awnlessness of ear. 

The studies of the karyotype of Ae. triuncialis were reported by SENJANINOVA- 
KorczaGinA (1932), and CHENNAVEERAIAH (1960). SENJANINOVA-KORCZAGINA es- 
tablished Ae. persica as an independent species, based on her karyomorphological 
finding that var. persica had a karyotype composed of C’-genome of Ae. umbel- 
lulata and C-genome of Ae. caudata, while ssp. eu-triuncialis had the karyotype 
composed of C'-genome and one genome which is not identical with that of Ae. 
caudata. 

According to CHENNAVEERAIAH, however, var. persica has one set of chromo- 
somes which corresponds to the C'-genome, and the second set resembles C-ge- 
nome. In ssp. eu-tviuncialis he found also one set of chromosomes corresponding 
to C'-genome, but he thought that the second set resembles not only the typical 
C-genome of Ae. caudata, but also that of var. persica. Therefore, he concluded 
that there are C" and C in the triuncialis complex. Zonary and FELDMAN (1962) 
explained that the barrel type disarticulation in a form of var. persica is an 
introgression from Ae. crassa. 

Kiara and Konpo (1943) succeeded in synthesizing Ae. triuncialis as an 
amphidiploid CCC%C%, from caudataxumbellulata, which resembled var. typica 
morphologically. They found also that the ears of the synthesized one (caudata x 
umbellulata) disarticulate in umbrella or barrel type like those of Ae. squarrosa and 
Ae. crassa, Based on the observations on chromosome conjugation and fertility 
in F; and F, hybrids between var. typica or var. persica and the synthesized one, 
they concluded that the genomes of the two varieties are almost identical. 

Ssp. orientalis was found only in the Maimana region in our collection. 
Therefore it was thought that ssp. orientalis was derived from ssp. eu-triuncialis 
there. However, it was interesting to know that an awnless form of ssp. orien- 
talis was found from Konya-Akseki in Turkey by BMUK (1959) where it was 
presumed to be the centre of the distribution of Ae. triuncialis. 
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4. Aegilops cylindrica Host (2n=28, genome symbol CCDD) 


a. Collected materials and geographical distribution 


As shown in Table 45, 34 strains of Ae. cylindrica were collected in 23 
habitats in Iran, but none in Afghanistan. 

Ae. cylindrica was known by BMUK (1959) to occur in Ankara in Turkey, 
being probably the western limit of its distribution. This species was not found 
either in Syria or in the western part of Turkey. 

From the distribution of Ae. caudata and Ae. squarrosa, which were presumed 
to be the ancestors of Ae. cylindrica CKIHARA 1941, 1944, McFADDEN and SEars 
1946), the place where this species arose, could be thought to be in the eastern 
part of Turkey or in the Tabriz region. 

According to Eic (1929), Ae. cylindrica involves two varieties, viz. typica 
Host and pauciaristata Eic, the former being an awned form and the latter an 
awnless or sparsely awned form. Var. typica was found in almost all habitats. 


Table 45. List of Ae. cylindrica Host collected in Iran 


{ 








Stock No. Variety Locality or source , Collector 
2401-1 var. typica Host Ghazvin, Iran | K 
2405-4 a a b 2 a 
2406-4 a a a ( a” 
2409-2 a | Tehran — Karaj, a a 
2410-2 a | ao a 4 
2414-1 a | a ao ao 
2416-1 a Tehran, a a” 
2417-1, -3 + Ardabil, eo MI 
2418-1 a” Ardabil - Sarab, a | ao 
2420-2 a Tabriz, yy | a 
2424-2 4 ao o” | ao 
2427-1 ” ‘a o a 
2428-1 a | Tabriz - Mahabad, ao | a 
2429-1 ” Mahabad, oN Ow 
2431-2 var. pauciartstata E1a Mahabad - Rezaiyeh, oe | a 
2432-2 | a tp so b 
2433-2 4 a a aL” 
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Table 45. (Continued) 
2434-4 var. typica Host Mahabad — Rezaiyeh, Iran K 
2435-3 a Rezaiyeh, a” a 
2436-2 var. pauciaristata Ei Rezaiyeh — Khoy, a ys 
2438-1,-3 | var. typica Host a a b 
2440-1 a ao 4 2 
2441-8 a Khoy ~ Tabriz, “ao a 
2442-2 a a + bs 
2443-2 4 “a a a 
2444-2 tw a a a 
2446-2 a a ao a 
2447-1 4 Rasht — Pahlavi, 4 a 
2449-1 a “ao ‘a a 
2450-14 ao Mixed in chicken feed in Tabriz, a y 
2454-1 a Collection of Agr. Exp. Sta., Tehran, + 
2455-1 a a a 
2456-1 a a as 
2457-1 a a aL 
1) K: H. Kimara, Y: K. Yamasuita. - ~~ 7 a: 
=m \ ZOOM @ var. typica 





& var. pauciaristata 





Fig. 28. Map showing the habitats and varieties of Ae. cylindrica collected in Iran 
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Along the highway from Mahabad to Khoy, var. pauciaristata was found in a 
majority, as shown in Fig. 28. But by BMUK (1959), these two forms were 
found mixed in a population or separetely in the neighboring populations. The 
intermediate types were also found occasionally. 


b. Morphological and physiological characters 


Thirty-four strains collected from 23 habitats were observed for morphological 
and physiological variations; they are seven strains from the Tehran region, four 
strains from the Pahlavi region, ten strains from the eastern Tabriz region (Khoy - 
Tabriz - Mahabad), eight strains from the western Tabriz region (Khoy - Rezaiyeh - 
Mahabad), one strain mixed in chicken feed obtained in Tabriz, and four strains in 
collection of Agricultural Experiment Station in Tehran, Iran. 

Ci) Ear type 

Two types have been known, namely an awned type and an awnless or spar- 
sely awned type, as divided into two varieties by Eic (1929). These two types 
were found in Iran. But any intermediate type between these two types was not 
found. One strain (No. 2447) collected in Rasht - Pahlavi had a considerably long 
thick ear with long awn on the apical spikelet compared with other strains. In 
general the awn of the outer glume was longer than that of the empty glume, 
but some strains with long awn of the empty glume were also found (Fig. 29). 

Cii) Plant height and tillering habit 

A difference in culm height between the strains from different regions was 
not found, as shown in Table 46. 

Almost all strains exhibited the erect habit, but two strains (Nos. 2441 and 
2442) collected in Khoy - Tabriz had the procumbent habit. 

(iii) Flowering date 

No particular difference between the strains from different regions was found, 
though there was a slight tendency toward early flowering in the western Tabriz 
region, as shown in Table 47. 

Civ) Seed-fertility 

Difference in seed-fertilities between the samples from the original habitats 
in 1955 and those from the cultivation in the experiment field in Kyoto in 1956 
are shown in Table 48. This suggests that the seed-fertility of this species is 
largely affected by the rainy season in Kyoto. 

From these observations, it has been known that Ae. cylindrica is rather 
uniform in respect to almost all characters, morphologically and physiologically. 

A spontaneous hybrid having 35 chromosomes was found in the strain (No. 
2441) collected in Khoy-Tabriz. This is probably the hybrid, Ae. cylindrica x T 
vulgare. 
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. var. typica, 
. var. pauctaristata, 


. New strain having 
short awn of outer 


glume on the apical 


spikelet 


Fig. 29. Ear type of Ae. cylindrica 


Table 46. Variation in plant height in Ae. cylindrica collected in Iran 


Locality or source (variety) 


Tehran (typica) 
Pahlavi (typica) 
East of Tabriz (typica) 
(typica) 
West of Tabriz 
(pauciaristata) 
Mixed in chicken feed (typica) 


Agr. Exp. Sta., Tehran (typica) 





Number of strains with the height 











Total 





-~50 cm ~60 cm -~70cm 
1 4 2 
0 2 2 
1 8 1 
0 2 2 
1 2 1 
0 1 0 
2 2 0 
5 8 


21 
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Table 47. Frequency of early and late flowering strains of Ae. cyrindrica 
collected in Iran (Observed in Kyoto, 1956) 


Number of strains with the flowering date 
Locality or source (variety) fn A cui Oe a date ; 


| 








| ~17/V ~22/V ; ™~27/V 
= a 
Tehran (typica) | 0 7 | 0 
) i 

Pahlavi (typica) | 0 2 ; 2 
Eastern Tabriz (typica) | 0 6 | 4 
Western Tabriz ( (typica) | 2 0 2 
(pauciaristata) | 2 2 | 0 
Mixed in chicken feed (typica) | 0 1 0 
Agr. Exp. Sta, Tehran (typica) 1 0 3 
Total | 5 18 1 





Table 48. Comparison of seed-fertility between materials from the original 
habitat (1955) and those from the experiment field 
in Kyoto (1956), in Ae. cylindrica 


| Seed-fertility 





Material ees 
20% =| ~40% «=| ~60% «=| ~80% «=| | ~ 100% 
| | | | | 
Original habitat | 1 | 6 | 18 | 220 5 
| | | ! ! 
Experiment field | 2 7 36 5 0 
| : | 
i i i : 





5. Aegilops columnaris ZHUK. (2n=28, genome symbol C°C"® M*M*) 


a. Collected materials and geographical distribution 


Based on the morphological studies 21 strains collected from four habitats in 
Iran, as given in Tables 49 and 50, were identified respectively as Ae. columnaris 
var. typica (six strains) and var. glabriuscula Eic (15 strains) (Fig. 30). All the 
strains were found mixed with Ae. triuncialis. 

According to Eic (1929), this species consists of two varieties, typica ZHUK. 
and glabriuscula Eic. The majority of this species are var. typica with pubescent 
glume, and a few are var. glabriuscula with glabrous glume. Var. glabriuscula 
was collected from only one habitat in Ghazvin, Iran, where var typica was also 
found mixed together. 
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Table 49. List of Ae. columnaris Zhuk. collected in Iran 
Stock No. Variety Locality Collector! 
2538-8 var. glabriuscula Ea . Ghazvin, Iran K 
2539-3 s 4 4 ” 
2540-7 a a 4 “ao 
2542-1 a a ao “ao 
2544-2 4 “ao “a ao 
2545-5 a a a ” 
2547-4 a a oO | “a 
2551-2 var, typica ZHUK. a” ao a” 
2552-1 var. glabriuscula Ea 4 ao | a 
2555-1 a v a | a 
2558-1 a a ao ao 
2559-2 a a a2 ao 
2560-4 a | a 4 t 
2563-8 a a” a” “ao 
2564-2 “a 4 “a a” 
2566-1 4 a a a 
2970-10 var. typica ZHUK. Karaj (Suburbs of Tehran), 7 a 
2598-7 a Mahabad - Rezaiyeh, o | a 
2599-1 a a “a | a 
2603-1 4 a a» | ” 
2612-1 a Rezaiyeh — Khoy, an | a 





1) K: H. Kimara. 











Table 50. Number of strains and habitats of Ae. columnaris collected in Iran 








Region | var. typica | var. glabriuscula | Habitats 

Tehran 2 15 | 2 

Tabriz | 4 0 | 2 
Mo Beas teat __ te etre al, Sa ee a oe 
| 6 | | 4 


Total 


15 
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eh 
er 
oe 


a b c d 
Fig. 30. Ears of Ae. columnaris 


a, b, var. glabriuscula (a, No. 2542-1, b. No. 2558-1), 
c, d, var. typica (c, No. 2551-2, d. No. 2598-7) 


Those strains were crossed with Ae. triunctalis and with Ae. columnaris in 
our old collection for verifying the identification. The former hybrids revealed the 
meiotic figures, (6~9)11+(16~10): and were sterile, while the latter hybrids revealed 
1431, or Iny-+12:1 and were entirely fertile. These results suggest that those strains 
belong to Ae. columnaris. 

In two hybrids among 10 combinations high percentage of PMC’s with one 


Table 51. Chromosome pairing of the hybrids between the collected 
strains and Ae. columnaris of old collection 


Frequency of PMC's with 
Combination ei == |llwt(“‘(ahSS 


ly+131 141 

2547 x Ae. columnaris No. 1 | 5 | 45 
2551 x ” 0 | 50 
2558 x a | 0 | 50 
2560 x ” 0 | 50 
2564 x * 10 ! 40 
2570 x ” 30 20 
2598 x ” | 0 | 50 
2603 x ao 0 50 
| 30 | 20 


2612 x 2 
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tetravalent was observed, namely in No. 2570x Ae. columnaris No. 1 and No. 2612 
x Ae. columnaris No. 1 (Table 51). Accordingly it can be said that one reciprocal 
translocation is involved in two strains, Nos. 2570 and 2612. 

According to Eic (1929), Ae. columnaris occupies a very limited area in Asia 
Minor. In the light of the present studies, however, it has been found that the 
distribution” of this species extends as far as the western and central part of 
Iran. 


b. Morphological and physiological characters 


Var. glabriuscula has glabrous glumes while var. typica has pubescent glumes, 
but other morphological differences were also found, namely Nos. 2538, 2544, 2555 
and 2570 of the former variety exhibited denser, two rowed ear, while the latter 
variety had relatively wide spikelet and thick ear. Height of culm of var. 
glabriuscula was about 30~40cm, while that of var. typica was 40~45cm. But 
no difference was found in the flowering date between the two varieties. 

Seed-fertilities of the samples from the original habitats in 1955 and those 
from cultivation in the experiment field in 1956 are given in Table 52. The 
noticeable difference between the two could be based on the difference in the 
environmental conditions between the original habitat and Kyoto, Japan, being the 
former arid and the latter rainy during the flowering time. In general this species 
seems to be sensitive to the enviromental conditions, and hence its distribution is 
extremely limited. 


Table 52. Comparison of seed-fertility between material from the origianl 
habitat (1955) and those from the experiment field 
in Kyoto (1956), in Ae. columnaris 


Seed- fertility 








Material | a eae é —a 
| ~20% ~40% | ~60% ~80% af ~100% 
| Se eis. 
Original habitat | 9 5 | 8 | 0 | 1 
| 
Experiment field | 21 0 | 0 | 0 | 0 
| | 





1) In 1959, Ae. columnaris was collected only few in number in the western region of Turkey 
by BMUK. 
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Il. Triticum 


The collections were classified into 300 strains (Appended Table 1), including 
four species, T. durum, T. turgidum, T. vulgare and T. compactum, collected from 
the fields and five species, T. aegilopoides, T. polonicum, T. orientale, T. spelta 
and T. sphaerococcum, obtained from various organizations. 


1. Hexaploid species 


For the classification of T. vulgare (T. aestivum) the systems of K&RNICKE 
(1885) and MANSFELD (1951) were adopted. However, the continuous variations 
in the color of glume, awn and grains caused confusion in the practical applica- 
tion of those systems. 

All the strains listed in Table 53 are maintained at the Research Institute for 
Agricultural plants, Faculty of Agriculture, Kyoto University, Kyoto, Japan. 


a. Morphological and physiological characters and their distributions 
in T. vulgare VILL. and T. compactum HOST 


Four principal characters, namely awn length, empty glume hairiness and color 
and seed color, and also earliness shown by the flowering date were observed for 
281 strains of T. vulgare and T. compactum (Tables 53, 54). 

a) Awn length: As shown in Table 53, long-awned strains occurred in a 
majority in almost all regions, except for the Isfahan and Tehran regions. Many 
short-awned or awnless strains were found in the Isfahan, Tehran, Quetta and 
Kabul regions. 

b) Empty glume hairiness: As shown in Table 53, strains with glabrous 
glume predominated numerically in almost all regions, except for the Maimana 
and Tabriz regions. In the Gorgan and Pul-i-Khumri regions. only the glabrous 
type was found. 

c) Empty glume color: As given in Table 53, two types, brown and yellow, 
were found in all regions. The proportions varied in different regions. Brown 
dominated over yellow in the Tehran and Maimana regions. In other regions, 
yellow predominated. 

d) Seed color: As seen in Table 53, brown dominated over yellow, in almost 
all regions. In the Gorgan region only the brown type was found. 

e) Earliness shown by flowering date: As given in Table 54, early, interme- 
diate and late flowering strains were found. There was a marked tendency in the 
strains from Iran to late flowering, while in the strains from the Quetta region 
early flowering predominated. However there were wide variations from late 
flowering to early flowering among the strains from the Kabul region. 

Table 55 shows the distribution of each of the 24 combinations of the four 
principal characters in T. vulgare, namely, long-awned vs. short-awned or awniess, 
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Table 53. Geographical distribution of the principal morphological 
characters of T. vulgare 

































































Awn Glume hairiness} Spikelet color Seed color 
Region S| — | LO 
long short | awnless paves glabrous} brown | yellow | brown | yellow 
Pakistan : 
Quetta 16 1 8 7 18 8 17 15 10 
Afghanistan : 
Kabul 36 18 0 18 36 23 31 31 23 
Pul-i-Khumri 2 0 0 0 2 2 0 1 
Maimana 8 3 0 8 3 9 2 5 6 
Iran: 
Tehran 39 28 2 24 45 49 20 37 32 
Isfahan 6 15 15 17 19 10 26 22 14 
Gorgan 18 0 0 0 18 4 14 18 0 
Pahlavi 40 0 0 11 29 20 20 30 10 
Tabriz 24 0 2 16 10 7 19 17 9 
Total , 189 | 65 | 27 | 101 | 180 | 132 | 149 | 176 | 105 
Table 54. Frequency of early and late flowering strains obtained 
from nine regions in T. vulgare 
Flowering date observed in Kyoto, 1956 
Region = Total 
|~5/V |~10/V ~15/V ~20/V|~25/V|~30/V ~5/V ~10/WI|~15/V1 
Pakistan : j | | | 
Quetta 1 8 9 5 2 | | 25 
Afghanistan : | 
Kabul 7 | 9} 13 | 10 | 43 1 it a 54 
Pul-i-Khumri 2 | | 2 
Maimana 1 1 | 3 4 2 11 
Iran : | | 
Tehran Cg i 2] 31; 34 1 69 
Isfahan | | 22 | 14 | 36 
Gorgan | wi 2 18 
Pahlavi | fae) er . 40 
Tabriz ! Pll 16 : 26 
Total 1 16 19 21 | 110 | 108 5 0 | ] 281 





pubescent vs. glabrous glume, brown vs. yellow glume, and brown vs. yellow seed. 
Twenty-two out of 24 combinations were found but it became clear that certain 
combinations were found only from certain limited regions. For instance a com- 
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Table 55. Geographical distribution of four principal characters in T. vulgare 







































































Combination of characters | Region 

: ese se 
sea gsiai¥{@ieial gle) a | t 

Awns Glume Spikelet | Seed S$); Biwl Bik; Sim) 8's 

! ee eee 
long pubescent | brown | brown 1 4 0 | | | 0 0; 2 1 12 
L as # |yelow!| 0} 1] of 4: 2: 0; 01 0:0: 7 

i 1 
” % | yellow | brown | 2; 3/ 0| 0; 4; 2/0] 3! 5. 19 
+ 4 4 |yelow}| 2] 3) Of 1, 1: 1) O| 6; 8! 22 
a glabrous | brown | brown 1 | 12 1 1; 7 | 0 | 414 | 5 | 45 
a t 4 |yelow| 5/1) 1/ 1, 9] of of 4f of a 
a “ao yellow | brown 2| 6{ of] 1| 7} 3/14 HAL] 5 | 49 
a 4 % |yelow | 3} 6| 0} 0: 51 0; 0! Oo} oj 
short | pubescent] brown | brown 0 0 0; 3! 5 3 0 0 0 11 
a 4 | 4 yellow 0} 1] 0 0:7: 2' 0} 0] 0: 10 

| ! i : 

“a 4 yellow | brown: 0/ 0] 0/ 0/] 0. 0: 0; 0! 0 0 
4 4 % |yellow! 0/ 6| 0; 0! 0' 0, 0} 0} 0 6 
= ea — : aot aos <i Sete Pears ae 
a glabrous | brown | brown 0 2' 0: 0, 7: 4: 0: 0: 0 13 
4 - 4% | @ \yelow) 1/ 2) 0: 0: 6' 0 0' 0. 0 9 
4”  %#  |yellow | brown} 0] 4/0, 0. 3; 4 0: 0:0 11 
4 | % | 4 |yelow | 0) 3, 0' 0:0 2,010, 0. 5 
Rs ee Se 
awnless | pubescent| brown | brown 0 | 0 0 0 0 | 1 0 | 0 1 i 2 
4 | 4 |  |yelow} GO} 0; oj O01 1] Of O| OF oO, 1 
” a ; yellow Beg Was 22) 30 010, 0: 1, 0; 0 1, 4 

| ' ' ! ' j / \ 
4 | % ' 4 (yellow | 0; 0f 0} 0: 0; 7/ O| 0, Oo 7 
ao | glabrous | brown | brown 0 | 0 0 i 0; 0 0 0 0 | 0 
> b | & | yellow 0/0; 0,0 1: 0:0; 0: 0: 1 
4 ‘a yellow | brown | 6: 0! 0j 0} 0: 3: 0: 0: 0; 9 

! i : ; ; ' 1 

a 4 4% lyellow, 0: 0) 0; 0; 0 3 0! 0; O- 38 
ae = 5 ar Pa res ; az, i ~ ~ ' ar ‘ T os 
Total | 25 | 54 2,11) 69/36 18 | 401 26, 281 





bination type, short own-pubescent glume-yellow spikelet- yellow seed, was found 
in the Kabul region, and another combination type, awnless- pubescent glume - 
yellow spikelet - yellow seed, in the Isfahan region. While in some regions wide 
variations were found, for instance 15 combinations in Tehran, 14 in Kabul and 


13 in Isfahan. 
seed color were found in the same populations. 


combinations were found. 


In those regions, variations in glume hairiness, glume color or 


In the Gorgan region only two 
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b. Distribution of varieties of 7. vulgare VILL. and 7. compactum HOST 


Varieties of T. vulgare and T. compactum and their frequencies are given in 
Table 56. 


Table 56. List of varieties of T. vulgare and T. compactum in nine regions 
in Paksitan, Afghanistan and Iran and their frequencies 

















|g lea 
Variety é 2 " E é 5 So a & a 
6 |2ie|2/e& |e|slélé| é 
T. vulgare Vi. 
Normal glume group- 
long awned: 

var. barbarossa (1) |} 2 3 2} 1 9 
var. barbarossa-compactoides 2 2 
var. turcicum 4 2 6 
var. turcicum-compactoides 1 1 
var. hostianum 1 2 1 1| 4 9 
var. hostianum-compactoides (2) | 2 1 5 
var. murinum 1 1 
var. meridionale | (2) |} 2 1 6| 8 19 
var. meridionale-compactoides | 1 1 2 
var, griseum 1 1 
var. nigromeridionale 1 1 

” with brown grains (nova) 1] 1 2 
var. ferrugineum qQ)]}] 9] 1 6 4/ 8| 5 34 
var. ferrugineum-compactoides | | 1 1 4 6 
var. erythroleucon 2+(1)} 1); 1] 1 8 3 17 
var. erythroleucon-compactoides +) 1 | 3 
var. erythrospermum | (2) | 4 1 8 2} 9| 6] 3 35 
var. erythrospermum-compactoides | 2 1; 5| 3] 2 13 
var. fulvocinereum 2 2 
var. graecum 1+(2)| 5 2 | 10 
var. graecum-compactoides 1 | 3 4 
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Table 56. (Contiuned) 











short awned: ! 
var. subrubromurinum : 2 | : 2 | : 2 
var. subturcicum 1 | | : | : : 1 
var. subnigroturcicum rusk | 1 | 1 
var. submeridionale 4 | | | 4 
var. subferrugineum | 3 | 1+@) 1 6 
var. subferrugineum-compactoides | 1 | a | : 2 4 
var. suberythroleucon » (1) | i ; | | 1 
var. suberythroleucon-compactoides | i 3 : 3 
var. suberythrospermum 4 ; 1 : 2 7 
var. subgraecum | 3 : 3 | 6 
awnless : 
var, nigrocyanorubrum | : | ! 1 1 
var. velutinum , | | | 1 1 
var. velutinum-compactoides | (2) | | | | | 2 
var. lutescens-compactoides (5) | | , 2 | | | 5 
Inflated glume group- | | | ! 2 
long awned: | 2 
var. echinodesinflatum, ne ee 1 i Me Sg 7 1 
with lax ear (nova) | 
short awned: | : 
var. subbarbarossa-inflatum = 3 +c] ! 2 8 
var. a, ; | | | 7 | 1 / ! | 8 
with yellow grains (nova) , : ! ; 
var. subechinodes-inflatum | 1 1 
var, submeridional-inflatum ! 2 ! Po 7 : | 2 
var. subferrugineum-inflatum 4 | 1 i ! 5 
var. suberythroleucon-inflatum | | 3 3 
var. suberythrospermum-inflatum | | ! | 2 : 1 | : 3 
awnless : ! | | | ! ! 
var. turcomanicum | : | | 2 | 2 
var transcaspicum ! | | | | 1 : | | 1 
var. heraticum ! | | | ! 1 : 1 
var. alborubrum-inflatum : | ; 1 : i. 4 1 
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Table 56. (Continued) 










var. khorossanicum 


var. lutinflatum 


5 
var. albinflatum 2 

T. compactum Host 
var. erinaceum 3 6 


Total | 25 | 5¢| 2/11] 69 | 36] 18 | 40| 26] 281 


Strains in ( ) were provided by the courtesy of the Department of Agriculture, or of 
Agricultural Experiment Station. 


SS 


ape coor 
= a 


a b c d 
Fig. 31. T. vulgare 


a, var. barbarossa (No. 3257-1), b, var. barbarossa-compactoides (No. 3110-10), 
c, var. turcicum (No. 3129-6), d, var. turcicum-compactoides (No. 3102-4) 
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c. Description of varieties of 7. vulgare VILL. 


1. Normal glume group 


Race 1. Awn long, empty glume pubescent and brown, seed brown. 

a) The type with lax ear can be referred to as var. barbarossa Aver. from 
Asia. This variety was found in three neighboring regions, Tehran, Pahlavi, and 
Tabriz and also in the Kabul region (Fig. 31a). 

b) The type with somewhat dense ear can be referred to as var. barbarossa- 
compactoides Goxc. from Asia Minor.. This variety was found only in the Kabul 
region (Fig. 31b). 

Race 2. Awn long, empty glume pubescent and brown, seed yellow. 

a) The type with lax ear can be referred to as var, turcicum K6OrN. from 
Caucasus, Asia Minor, etc.. This variety was found in the Maimana and Tehran 
regions (Fig. 3lc). 

b) The type with somewhat dense ear can be referred to as var. turcicum- 
compactoides Zuuk. from Asia Minor. This variety was found only in one habitat 
in the Kabul region (Fig. 31d). 

Race 3. Awn long, empty glume pubescent and yellow or grey, seed brown. 





Fig. 32. T. vulgare 


a, var. hostianum (No. 3341-1), b, var. hostianum-compactoides (No. 3206-7), 
c, var. murinum (No. 3155-1) 
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a) The type with lax ear and yellow glume can be referred to as var. 
hostianum Korn.. This variety was found mainly in Iran (Fig. 32a). 

b) The type with somewhat dense ear and yellow glume can be referred to 
as var. hostianum-compactoides GdKkc. from Europe. This variety was found 
mainly in the Kabul region (Fig. 32b). 

c) The type with lax ear and grey glume can be referred to as var. murinum 
Fiaxss. from Iran, India and others. This variety was found only in Mashhad - 
Shahrud, in Iran (Fig. 32c). 

Race 4. Awn Jong, empty glume pubescent and yellow or grey, seed yellow. 

a) The type with lax ear and yellow glume can be referred to as var. 
meridionale K6Orn. from Europe. A large number of this variety was found 
mainly in the Pahlavi and Tabriz regions (Fig. 33a). 

b) The type with somewhat dense ear and yellow glume can be referred to 
as var. meridionale-compactoides Géxc. from Asia Minor. This variety was found 
sparsely in the Kabul and Pahlavi regions (Fig. 33b). 





ys i! 
f oh § 
sf 1¥ 
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‘ 
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a b c d e 


Fig. 33. T. vulgare 


a, var. meridionale (No. 3343-10), b, var. meridionale-compactoides (No. 3080-1), 
c, var. griseum (No. 3130-3), d, var. nigromeridionale (No. 3171-5), 
e, var. nigromeridionale-like (nova), with brown grains (No. 3332-1) 
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c) The type with lax ear and grey glume can be referred to as var. griseum 
Vav.. This variety was found only in one habitat in the Maimana region 
(Fig. 33c). 

d) The type with lax and black spots can be referred to as var. nigromeri- 
dionale Goxc.. This variety was found only in Isfahan (Fig. 33d). 

However a new type with brown colored grains was found in two neighbor- 
ing habitats, namely Tabriz and Ardabil, in Iran (Fig. 33e). 

Race 5. Awn long, empty glume gabrous and brown, seed brown. 

a) The type with lax ear can be referred to as var. ferrugineum ALEF.. This 
variety was found abundantly in almost all regions, except Isfahan and Maimana 
(Fig. 34a). 

b) The type with somewhat dense ear can be referred to as var. ferrugineum- 
compactoides Kos. from Asia Minor. This variety was found mainly in the 
mountainous districts of Ardabil (Astara- Tabriz) in the Pahlavi region in Iran. 





a b c d 


Fig. 34. T. vulgare 


a, var. ferrugineum (No. 3317-5), b, var. ferrugineum-compactoides (No. 3309-6), 
c. var. erythroleucon (No. 3267-1), d, var. erythroleucon-compactoides (No. 3219-1) 
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The type with short and dense ear can be referred to as T. compactum Host var. 
erinaceum KO6rN.. Two types, one with long somewhat dense ear and the other with 
short dense ear, were found to grow mixed in the common population (Fig. 34b). 

Race 6. Awn long, empty glume glabrous and brown, seed yellow. 

a) The type with lax ear can be referred to as var. erythroleucon Korn. 
This variety was found mainly in the Tehran and Pahlavi regions (Fig. 34c). 

b) The type with somewhat dense ear can be referred to as var. erythroleu- 
con-compactoides Kos.. This variety was found sparsely in the Quetta and Tehran 
regions (Fig. 34d). 

Race 7. Awn long, empty glume glabrous and yellow or grey, seed brown. 

a) The type with lax ear and yellow glume can be referred to as var. 
erythrospermum Korn.. This variety was found abundantly in almost all regions, 
especially in the area around the Elburz Mountains in the Gorgan, Tehran and 
Pahlavi regions (Fig. 35a). 
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Fig. 35. T. vulgare 


a, var. erythrospermum (No. 3161-8), b. var. erythrospermum-compactoides (No. 3238-2), 
c, var. fulvocinereum (No. 3327-1), d, var. graecum (No. 3089-6), 
e, var. graecum-compactoides (No. 3272-9) 
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b) The type with somewhat dense ear and yellow glume can be referred to 
as var. erythrospermum-compactoides Kos. from Asia Minor. This variety was 
found mainly in the Kabul, Gorgan and Pahlavi regions (Fig. 35b). 

c) The type with lax ear and grey glume can be referred to as var. fulvo- 
cinereum FLAksB.. This variety was found in two habitats in the Pahlavi region 
(Fig. 35c). 

Race 8. Awn long, empty glume glabrous and yellow, seed yellow. 

a) The type with lax ear can be referred to as var. graecum Korn... This 
variety was found in the Quetta, Kabul and Tehran regions (Fig. 35d). 

b) The type with somewhat dense ear can be referred to as var. graecum- 
compactotdes Kos. from Asia Minor. This variety was found in the Kabul and 
Tehran regions (Fig. 35e). 

Race 9. Ear lax, awn short, empty glume pubescent and grey, seed brown. 

This race can be referred to as var. subrubromurinum Goxc. from Asia Minor. 
This variety was found only in one habitat in the Isfahan region (Fig. 36a). 
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Fig. 36. T. vulgare 


a, var. subrubromurinum (No. 3180-10), b. var. subturcicum (No. 3097-10), 
c, var. subnigroturcicum (No. 3178-2), d, var. submeridionale (No. 3072-1) 
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Race 10. Ear lax, awn short, empty glume pubescent and brown, seed yellow, 

a) This type can be referred to as var. subturcicum Vav. from Iran (Fig. 36b). 

b) The type with black spots can be referred to as var. subnigroturcicum 
Goéxc. from Asia Minor. These two varieties were found in the Kabul and Isfahan 
regions, respectively (Fig. 36c). 

Race 11. Ear lax, awn short, empty glume pubescent and yellow, seed yellow. 

This race can be referred to as var. submeridionale Vav. from Iran, Afgha- 
nistan and Asia Minor. This variety was found only in the southern Kabul 
region (Fig. 36d). 

Race 12. Awn short, empty glume glabrous and brown, seed brown. 

a) The type with lax ear can be referred to as var. subferrugineum Vav. 
from Turkestan, Iran and others (Fig. 37a). 

b) The type with somewhat dense ear can be referred to as var. subfer- 
rugineum-compactoides Goxc.. These two varieties were found in the same habitats 
in the Isfahan, Tehran and Kabul regions (Fig. 37b). 

Race 13. Awn short, empty glume glabrous and brown, seed yellow. 

a) The type with lax ear can be referred to as var. suberythroleucon Vav. 
from Iran, Mongolia, China and others. This variety was obtained from the 
Agricultural Experiment Station in Quetta (Fig. 37c). 
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Fig. 37. T. vulgare 


a, var. subferrugineum (No. 3068-8), b. var. subferrugineum-compactotdes (No. 3059-1), 
c, var. suberythroleucon (No. 3005-3), d. var. suberythroleucon-compactoides (No. 3226-10) 
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b) The type with somewhat dense ear can be referred to as var. suberythro- 
leucon-compactoides G6xc. from Asia Minor. This variety was found only in two 
isolated habitats in the Tehran region (Fig. 37d). 

Race 14. Ear lax, awn short, empty glume glabrous and yellow, seed brown 
or yellow. 

a) The type with brown seed can be referred to as var. suberythrospermum 
Vav. from Iran and others. This variety was found in three regions, namely 
Kabul, Tehran and Isfahan (Fig. 38a). 

b) The type with yellow seed can be referred to as var. subgraecum Vav. 
from Turkestan. This variety was found in two isolated regions, namely Kabul 
and Isfahan (Fig. 38b). 





Fig. 38. T. vulgare 


a, var. suberythrospermum (No. 3053-1), 
b, var. subgrecum (No. 3166-10) 


Race 15. Ear lax, awnless, empty glume pubescent and chocolate with black 
spots, seed yellow. 

This race can be referred to as var. nigrocyanorubrum Goxc. from Asia 
Minor. This variety was found only in the Tabriz region (Fig. 39a). 

Race 16. Awnless, empty glume pubescent and yellow, seed brown. 

a) The type with lax ear can be referred to as var. velutinum KORN. (=var. 
villosum AteF.). This variety was found only in the Tabriz region (Fig. 39b). 
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b) The type with somewhat dense ear can be referred to as var. velutinum- 
compactoides Zuux. from Asia Minor. This variety was obtained from the Agri- 
cultural Experiment Station in Quetta (Fig. 39c). 
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Fig 39. T. vulgare 


a, var. nigrocyanorubrum (No. 3355-3), b, var. velutinum (No. 3362-10), 
c, var. velutinum-compactoides (No. 3048-1), d, var. lutescens-compactoides (No. 3045-2) 


Race 17. Ear somewhat dense, awnless, empty glume glabrous and yellow, 
seed brown. 

This race can be referred to as var. lutescens-compactoides Kos. from Asia 
Minor. This variety was obtained from the Agricultural Experiment Station in 
Quetta (Fig. 39d). 

2. Inflated glume group 


As shown in Table 57, 41 strains with inflated glume were found in the 
Tehran, Isfahan and other regions. Especially, the strains with inflated glume 
occurred in a majority in the Isfahan region. 

Race 18. Awn long, empty glume pubescent and brown, seed brown. 

This race can be referred to as var. echinodes-inflatum Vav. et. Kos. from 
Afghanistan, but it only differs from the variety by having a lax ear instead of a 
dense ear. This strain resembles var. barbarossa except for the inflatum character. 
This strain was found in the suburbs of Tehran (Fig. 40a). 
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Race 19. Ear lax, awn short, empty glume pubescent and brown, seed brown. 

This race can be referred to as var, subbarbarossa-inflatum PaLm. from Mon- 
golia. This race was found abundantly in the suburbs of Maimana and Tehran. 
The strains with a squarhead ear were found in the Tehran region, namely Nos. 
3215-1, 3217-10, 3220-7, 3374-1 and 3231-10. However, a new type with yellow 
instead of brown seed was found in the Tehran and Isfahan regions, especially in 
the suburbs of Firuzkuh in the Tehran region (Fig. 40b, c, d). 
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Fig. 40. T. vulgare 


var. echinodes-inflatum-like (nova), with a lax ear. (No. 3214-1), 


a 
b. var. subbarbarossa-inflatum (No. 3133-10), 

c “ao » with a squarhead ear (No. 3217-10), 
d 


var. subbarbarossa-inflatum-like (nova), with yellow grains (No. 3282-2) 


Race 20. Ear somewhat dense, awn short, empty glume pubescent and brown, 


seed brown. 

This race can be referred to as var. subechinodes-inflatum Vav. et. Kos. from 
Afghanistan. This variety was found only in the Isfahan region (Fig. 41a). 

Race 21. Ear lax, awn short, empty glume pubescent and yellow, seed yellow. 
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This race can be referred to as var. submeridional-inflatum PaLm. from Mon- 
golia. This variety was found in Kandahar - Kabul (Fig. 41b). 

Race 22, Ear lax, awn short, empty glume glabrous and brown, seed brown. 

This race can be referred to as var. subferrugineum-inflatum PaLM. from 
Mongolia. This variety was found in the Tehran and Isfahan regions (Fig. 41c). 

Race 23. Ear lax, awn short awned ear, empty glume glabrous and brown, 
seed yellow. 

This race can be referred to as var. suberythroleucon-inflatum FRENK. from 
Tova. This variety was found only in Shahrud in the Tehran region (Fig. 41d). 

Race 24, Ear lax, awn short, empty glume glabrous and yellow, grains brown. 

This race can be referred to as var. suberythrospermum-inflatum PaLm. from 
Mongolia. This variety was found in the Tehran and Isfahan regions (Fig. 4le). 


Race 25. Ear lax, awnless, empty glume pubescent and brown, seed brown or 
yellow. 





Fig. 41. T. vulgare 


a. var. subechinodes-inflatum (No. 3194-1), 

b. var. submeridional-inflatum (No. 3084-10), 

c var. subferrugineum-inflatum (No. 3145-1), 

d. var. suberythroleucon-inflatum (No. 3159-1), 
e. var. suberythrospermum-inflatum (No. 3278-1) 
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a) The type with brown seed can be referred to as var. turcomanicum Kos. 
from Turkmenistan. This variety was found in the Isfahan region (Fig. 42a). 

b) The type with yellow seed can be referred to as var. transcaspicum Vav. 
from Transcaspian and other districts. This variety was found in the suburbs 
of Tehran (Fig. 42b). 

Race 26. Ear lax, awnless, empty glume pubescent and yellow, seed brown or 
yellow. 

a) The type with brown seed can be referred to var. heraticum Kos. (=var. 
velutinum-inflatum) from Turkestan, Afghanistan, China, Mongolia and others. 
This variety was found only in one habitat in the Isfahan region (Fig. 42c). 

b) The type with yellow seed can be referred to var. khorassantcum Vav. 
from Iran. This variety was found abundantly in the Isfahan region (Fig. 42d). 
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Fig. 42. T. vulgare 


a. var. turcomanicum (No. 3188-1), b. var. transcaspicum (No. 3284-1), 
c. var. heraticum (No. 3210-8), d. var. khorassanicum (No. 3192-1) 


Race 27. Ear lax, awnless, empty glume glabrous and brown, seed yellow. 

This race can be referred to as var. alborubrum-inflatum Vav. from Asia 
Minor. This variety was found in one habitat in the Tehran region (Fig. 43a). 

Race 28. Ear lax, awnless, empty glume glabrous and yellow, seed brown or 


yellow. 
a) The type with brown seed can be referred to as var. lutinflatum Vav. 


from northern Afghanistan, Pamir, China and others. This variety was found in 
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Quetta and in four habitats in the Isfahan region (Fig. 43b). 
b) The type with yellow seed can be referred to as var. albinflatum Vav. 


from Asia. This variety was found in two habitats in the Isfahan region (Fig. 
43c). 
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Fig. 43. 7. vulgare 


a, var. alborubrum-inflatum (No. 3286-1), b. var. lutinflatum (No. 3172-5), 
c. var. albinflatum (No. 3189-4) 


d. JT. compactum Host 


T. compactum varieties were found mainly in the mountainous areas in the 
Kabul and Pahlavi regions (Fig. 44). All the strains collected in those regions 
can be referred to as var. erinaceum Korn. from Asia Minor, Armenia, Transcau- 
casia, Afghanistan, Turkestan and China. However, the Afghan strains were 


characterized by slight squareheadedness, while the Iranian strains were normal. 
Classifications : 


Var. erinaceum Korn. 


Ear dense and short, awn long, empty glume pubescent and brown, seed brown 
(Fig. 44). 
The habitats are as follows: 
No. 3098-9 : Suburbs of Kabul No. 3304-3: 20km E. of Ardabil 
No. 3100-13: g No. 3306-2 : a 
No. 3108-3 : a No. 3308-4: Suburbs of Ardabil 


Aegilops and Triticum 91 








a b c d 
Fig. 44. T. compactum erinaceum 


Afghan type: _ Iranian type: 
a. No. 3098-9, b. No. 3100-13 c. No. 3305-2, d. No. 3308-4 


The strains with dense ear predominated in the district around Ardabil. The 
strains with long brown ear can be referred to as T. vulgare var. ferrugineum- 
compactoides Kos., while the strains with long yellow ear can be referred to as 
T. vulgare var. erythrospermum-compactoides Kos.. 


2. Tetraploid species 


a. JT. durum DESF. 


T. durum varieties were found in the Tehran and Gorgan regions, namely, 
in Gorgan-Khoshyailagh, Tehran-Firuzkuh and the suburbs of Sari (Fig. 45). 

Var. obscurum Korn. (No. 3249-3) Charaghaj (Gorgan~Khoshyailagh). Awn 
long, empty glume glabrous and bluish-black, seed brown. 

Var. muriciense Korn. (Nos. 3255-6, 3256-1) Ghoznavi (suburbs of Khoshy- 
ailagh). Awn long, glume glabrous and brown, seed brown. As this variety was 
said to be an old indigenous one, and Ae. squarrosa ssp. strangulata grew mixed 
in its field, a certain number of heads were collected for the progeny test but 
no hybrid between this variety and ssp. strangulata was found. 
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Fig. 45. T. durum 


a. var. hordeiforme (No. 3233-8), b. var. obscurum (No. 3249-3), 
c. var. murciense (No. 3256-1),  d. var. valenciae (No. 3270-2), 
e. var. provinciale (No. 3291-1) 


Var. valenciae K6rn. (Nos. 3270-2, 3271-8). 40km N. E. of Tehran (Tehran - 
Furuzkuh). Awn long, empty glume pubscent and yellow, seed yellow. 

Var. provinciale CALEF.) Korn. (No. 3291-1). 2km E. of Sari. Awn long, 
empty glume glabrous and bluish-black, seed yellow. 

Var. hordeiforme CHosT) Korn. (No. 3233-8). 2km E. of Sari. Awn long, 
empty glume glabrous and brown, seed yellow. 


b. 7. turgidum L. 

T. turgidum varieties were found in the Isfahan region. All the strains had 
branched ear; pubescent and brown empty glume, and brown seed. Accordingly, 
these strains can be referred to as var. linnaeanum AEF. (Fig. 46). They seem to 
have been introduced recently from U.S.S.R.. 


The habitats in Isfahan are as follows: 
No. 3196-6 : 45 km from Isfahan, Isfahan - Damaneh 
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No. 3199-1 : Isfahan - Damaneh, 45 km from Isfahan 
No. 3208-5 : Suburbs of Isfahan 
ce. T. polonicum L. 


As was published in 1956, a species with the name of T. monococcum var. 
eredivianum obtained from the collection of Dr. M. Atai, University of Tehran, 
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Fig. 47. T. polonicum, new variety 
eee seek (No. 3232-3) 





ote ise es 
Fig. 46. T. turgidum var. 
linnaeanum (No. 3208-5) 


from Isfahan, revealed 2n=28, which is the chromosome number of emmer wheat 
(Fig. 47). The chromosome number was also confirmed by the observation of 
meiosis in the F, hybrid with T. durum and T. polonicum, namely the chromo- 
some pairing at M. I. was 14rr. 

Accordingly, the morphological characteristics have been studied in detail. 
The plant is semi-dwarf and has narrow and slender ear, differing strikingly from 
all other tetraploid wheats, but possesses spikelets with long and narrow empty 
glumes, which are the characteristics of T. polonicum. 

Straw: 60~70cm, hollow with comparatively thick walls. 
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Ear: 5~7cm long, 6~8mm wide, lax, narrow and slender, tapering towards 
the apex, fragile in wedge type disarticulation. 

Spikelet: 14~17 spikelets (including 3~4 abortive lower spikelets), 14~17 mm 
long, 3~4 mm wide, 1- or 2-grained, awns 4.5~5cm long. 

Empty glume: Glabrous, light-yellow, 14~16mm long with 5~6 nerves and 
two teeth, often the secondary tooth absent. 

Outer glume is slightly longer than inner glume, and is as long as empty 
glume. Outer glume of the first floret has many nerves and a short awn, and 
that of the second floret has a short tooth. 


Seed: Long and narrow, red, flinty, smooth, 8 mm long, 3 mm wide, 1.0~1.2mm 
thick. 

In conclusion, this strain differs from other varieties of T. polonicum in having 
the following characters: 

1. Semi-dwarf. 2. Hollow straw. 3. Narrow, slender, small and fragile ear. 
4. Not papyraceus empty glume. 5. Small grains. 

This species will be the one for which HESLoT (1959) proposed to establish a 
new species, T. ispahanicum. 


III. Synthesis of amphidiploids (6x) from the hybrids, 
emmer wheats x Ae. squarrosa 


Since it was made sure that Ae. squarrosa is one of the ancestors of common 
wheat, the synthesis of allohexaploid wheats from various crosses of emmer 
wheats with Ae. squarrosa has been attempted on a wide scale. 

In 1950, six amphidiploids from such cross combinations were already produced 
(Kinara et al. 1950). We used only two strains of Ae. sguarrosa typica as male 
parents, while T. dicoccoides, T. turgidum, T. durum, T. persicum and T. orientale 
were used as female parents. For short they were named ABD 1, ABD 2, ABD 3, 
ABD 4, ABD 5, and ABD 8 Two combinations, ABD 6 and ABD 7, are missing 
as the F, hybrids did not survive until maturity CKIHARA ef al. 1950). 

As our collection of Ae. sguarrosa was greatly enriched by this expedition, 
we have started to synthesize more 6x wheats utilizing not only var. typica but 
also var. meyeri and ssp. strangulata. 

The production of these triploid combinations was very successful. For seven 
combinations using 7. persicum as the female parent, the crossing success was 
29.1%. For three durum combinations, it amounted to 31.2%. The lowest was 
70% when T. dicoccum was used. Nineteen triploid hybrids were produced as 
shown in Table 57. The fertility of F, varies according to the combination of 
the parents. 

As already known (KinaAra and LILIENFELD 1949), unreduced gametes with 21 
chromosomes were produced through the formation of restitution nuclei in the 
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first telophase of the triploid hybrids. They were functional. In many triploid 
combinations, F, plants were obtained by selfing. For instance, the cross combina- 
tions of T. persicum and Ae. squarrosa typica gave a high percentage of pollen- 
fertility, and many seeds were obtained even by selfing. Also the cross combi- 
nations of T. persicum with strangulata or meyert gave a high percentage of 


Table 57. Pollen- and seed-fertility of 3xhybrids, 
emmer wheats x Ae. squarrosa 














pia Cross combination , fering | Chichelpe: eS 
(after F2) (emmer wheats x Ae. squarrosa) 3 (%) | Self Pree 
ABD 9 | 7: cd ewoun x strangulata (No. 2124) = | 7.7 | ee 
ABD 10 a x typica (No. 2129) | — | 0006! 2.6 
ABD, eee < ‘strangulata: (Noo2188) |) = | 966 fee 
ABD 12 | 2: ee eae a (No. 2112) | 24.7 ( 0.0 | 8.3 
ABD 13 | 7° (Vernal) x 4 (No. 2112) | 48.1 | 24 8.3 
—?)D a x typica (No. 2132) _ 2 3.1 2.2 
ABD 14 T. durum (Gulab) x strangulata (No. 2118) _ | 0.0 | 4.5 
ABD 15 4 x typica (No. 2129) _— ! 0.0 5.1 
ABD 16 | 7: durum x meyeri (No. 2144) — | 32 | 61.5 
—»b a x strangulata (No. 2111) 93.8 ! 71 | 42.3 
ABD ie | RE x typica (No. 2107) = : 60 | 64 
ABD 18 a x strangulata (No. 2112) _ ! 16.8 21.9 
ABD 19 “ao x ao (No. 2118) _ i 7.9 | 12.4 
ABD 20 ao x typica (No, 2129) — : 5.5 8.2 
ABD 21 ao x > (No. 2130) = | 15.0 | 47.1 
ABD 22 a x meyert (No. 2144) am | 37.7 71.0 
ABD 23 T. orientale insigne x strangulata (No. 2112). _ 0.8 | 6.3 
ABDEDE: | 78 Bee x & (No, 2111) | 93.6 | 56.6 | 55.9 
ABD 25 | 7: Feneie x  & (No. 2111) | 96.8 | 73.3 | 70.0 








1) Did not grow till maturation in Fy. 
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pollen as well as seed-fertility. The pollen-fertility was almost as high as that 
of normal plants (Table 57). 

The fertility of the triploid hybrids varied also among the ears of an individual. 
It was higher in late than in early maturing ears (Table 58). 


Table 58 Pollen- and seed-fertility of early and late maturing ears 











Early ears Late ears 
Cross combination is a SE : 
: pollen | seed pollen | seed 
7 i 
26-1 42. 6 41.1 75. 4 47.9 
r ~-2 _ 14.5 70.6 40.0 
T. persicum var. e. squarrosa ssp. £ = 
stramineum " rn 3 21.8 77.2 29.1 
No, 2111) -4 _— 29.1 76. 1 | 36. 1 
-5 | 76.5 | 13.1 | 882 | 35.1 
27-1 55. 8 17.6 80.5 45.8 
T. persicum var. 3 , | 2 = 20. 0 63. 8 45. 4 
Suliginosum | -3 — | 14.7 | 35.0 | 47.7 
4 — | 106 | 81.2 | 42.0 




















(Observed in 1957) _ 


In Table 59, nineteen amphidiploids obtained from F, hybrids of Table 57 are 
listed. They are maintained by selfing in the experiment field of Kyoto Univer- 
sity. Their seed-fertility in 1964 and their morphological as well as physiological 
characteristics are given. Fertility is nearly normal in all strains, as far as it is 
indicated by the highest fertility per ear. All ABD strains are breeding true in 
the main characters. However four strains (ABD 11, ABD 22, ABD 24 and 
ABD 25) derived from T. persicum stramineum (or fuliginosum) x Ae. squarrosa 
strangulata (or meyeri), give always rise to a number of usually not shooting 
dwarf offspring, whose chromosome number is normal (42), 

In all wheat amphidiploids CABD strains), the chromosome pairing is unstable. 
Often 2~6 univalents are found. Consequently the offspring have besides the 
normal euploid, hyper- and hypo-ploid numbers. This explains why the fertility of 
the offspring of amphidiploids varies from very low to fairly high. The aneuploid 
offspring are expected to die out but the euploids survive. Thus amphidiploid 
strains are maintained from generation to generation keeping their entire chromo- 
some complement. 

That the triploid hybrids could have been produced spontaneously, can easily 
be assumed, as we found very often Ae. squarrosa seeds in chicken feed. This 
shows clearly that Ae. sguarrosa and wheat flower and mature at the same time. 
Hybrids between Triticum and Aegilops in nature have been reported many times 
by various authors. We found also such spontaneous hybrids in our experiment 
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field. During our collecting tour between Tehran and Karaj, we found one 
Triticum-Aegilops hybrid (probably T. vulgare x Ae. triuncialis). 

The flowering time of wheat and Aegilops overlaps in many species. After 
Hrrayosu! (1941), cultivated emmer wheats flower approximately from 7.00 to 
21.00. There are two peaks, one around 9.00 and the other at 15.00. Ae. sguar- 
rosa has two peaks, one around 9.00 and the other at 13.00~14.00. The chance of 
hybridization is high, if they grow in close proximity. On the other hand, the 
flowers of a wild emmer (CT. dicoccoides spontaneo-nigrum) open almost all 
simultaneously at 21.00 CHirayosui 1941). This indicates that hybridization bet- 
ween this wild emmer and Ae. squarrosa is almost impossible. 

Once the hybrids had been produced, the amphidiploids might have arisen by 
the union of unreduced gametes as mentioned above. Thus we have found addi- 
tional evidences that hexaploid wheats could have arisen from the hybridization 
between cultivated emmer wheats and Ae. sqguarrosa”. It is noteworthy that the 
triploid combinations with T. persicum had the highest F, fertility and the 
amphidiploids were morphologically similar to T. vulgare (KiHaRA et al. 1950). 


Table 60. Susceptibility of Ae. squarrosa, Triticum species and their 
amphidiploids to rusts (HirRATSUKA, unpub.) 


Susceptibility to: 








Parental species or amphidiploid ee ee | Bre 
striiformis recondita | graminis 
ICP. glumarum)f. sp. tritici 2igf. sp. tritici 21 
Ae, squarrosa strangulata No. 2112 S R-MR S 
o to + No. 2118 S | RMR | S 
a a meyeri No, 2114 S R R-MR 
T. dicoccum (Vernal) S | S S 
T. durum (Gulab) S | S S 
T. persicum stramineum S S S 
ABD 13, T. dicoccum (Vernal) s S S 


x Ae. squarrosa strangulata (No. 2112) 
ABD 14, T. durum (Gulab) S 


| 
x Ae. squarrosa strangulata (No. 2118) s s 
. ( 
ABD 16, T. durum (Gulab) | 
x Ae. squarrosa meyeri (No. 2144) S | MR-S MR-S 
ABD 18, T. persicum stramineum S | S | 
x Ae, squarrosa strangulata (No. 2112) | | S 
ABD 19, T. persicum stramineum S | S | S 
x Ae. squarrosa strangulata (No. 2118) ! 
ABD 22, T. persicum stramineum S R S 








x Ae. squarrosa meyeri (No. 2144) 





1) The chance of formation of 6xwheat from wild emmer and Ae. squarrosa is very limited 
due to complementary genes for hybrid weakness (KiHARA & TsuNnewaki 1963, Kimara 1965). 
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However, T. persicum, a Persian wheat, was not found anywhere in Iran 
(Persia). According to Vavitov (1935) and FLAKSBERGER (1935), this species 
occurs in the north-eastern districts of Asia Minor and also in the Caucasus, where 
probably the origin of most of emmer wheats has to be sought. 

From Table 60, we see that a synthesized strain, ABD 22, was resistant to 
brown rust; it was obtained from the cross, susceptible persicum var. stramineum 
x resistant meyeri. However ABD 16, which possesses the same resistant meyeri 
genomes, was not resistant to brown rust. It was classified as moderately resistant 
to susceptible. Also in this case the emmer species was susceptible to brown rust. 
So it seems that the inheritance pattern is not simple. 

As to the relationship to black rust, ABD 22, an amphidiploid between sus- 
ceptible persicum var. stramineum and resistant meyeri, was susceptible. In this 
case the susceptible character of persicum is dominant (or epistatic) over the 
resistant character of meyeri. So far as our investigations are concerned, all 
amphidiploids derived from susceptible parents were susceptible. So it seems that 
resistant 6x strains can be synthesized only when the squarrosa parent has the 
resistant gene. 


Summary and Conclusion 


This is a general survey of species and varieties of wheat and Aegilops 
collected in Pakistan, Afghanistan and Iran by the members of the Kyoto Univer- 
sity Scientific Expedition to the Karakoram and Hindukush in 1955. 

As we laid our emphasis on the collection of Ae. sguarrosa, we paid extreme 
attention to finding many varieties and forms of this species from the whole area. 
However wheat and other species of Aegilops were collected whenever possible. 

According to geographical as well as ecological conditions, the whole area has 
been divided into nine regions: namely Quetta, Kabul, Pul-i-Khumri, Maimana, 
Tehran, Isfahan, Gorgan, Pahlavi and Tabriz. In the Isfahan region not a single 
species of Aegilops was found, but in all the other regions many Triticum and 
Aegilops species were collected. 


1. Aegilops 


Species collected were Ae. squarrosa, Ae. crassa, Ae. cylindrica, Ae. triunctalis 
and Ae. columnaris. 

1) Geographical distributions : 

(a) Ae. squarrosa: Three varieties of ssp. eu-squarrosa were collected, 
namely typica, anathera and meyeri. Many intermediate types between the first 
two were found almost everywhere. Var. meyeri occurred solely on the west 
coast of the Caspian Sea. Ssp. strangulata was found only in a restricted belt 
on the south-eastern coast of the Caspian Sea (Gorgan). It occurred along the 
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route covering 320 km. 

(b) Ae. crassa includes 4x and 6x forms. All strains from Iran and the 
south-eastern province of Afghanistan were 4x, while along the northern stretch 
of the Hindukush Range, in the Pul-i-Khumri and Maimana regions 4x and 6x 
were found mixed together. Accordingly, it is thought that 6x crassa originated 
in these regions from the hybridization between 4x crassa and Ae. squarrosa. 

(c) Ae. cylindrica was found in the Tehran region, where most probably is 
the eastern limit of its distribution. 

(d) Ae. triuncialis includes two subspecies, ssp. eu-triuncialis and ssp. orien- 
talis. Ssp. eu-triuncialis was found in all parts of Iran, except for the coastal 
area of the Caspian Sea; it was also found in the Pul-i-Khumri region of Afgha- 
nistan. However, ssp. orientalis was found only in the Maimana region. 

(e) Ae. columnaris was found in the Tabriz and Tehran regions. These are 
new findings in its discovered geographical distribution. 

2) Morphological characters: Plant height, tillering habit (procumbent or 
erect), waxiness (waxy or non-waxy) of leaves, color of seedlings, color of ears, 
hairiness (pubescent or glabrous) of glumes, and awnedness of glumes, etc. were 
studied. Wide variations were found especially in Ae. squarrosa and Ae. triun- 
cialis. For instance, tall plants with erect culms and large grains were found in 
Ae. squarrosa strains collected from wheat fields, while variations were slight in 
Ae. cylindrica. 

Ae. crassa with awnless ear was found in the south-eastern province of Af- 
ghanistan. This will be a new variety. 

3) Physiological characters: Earliness, seed-fertility, winter- or spring-habit, 
and resistance to rusts. Some strains of Ae. squarrosa collected in the south- 
eastern provinces of Afghanistan had spring-habit, while all other Ae. squarrosa 
strains exhibited winter-habit. 

Some strains of var. meyeri and ssp. strangulata of Ae. squarrosa have been 
found to be resistant to brown and black rusts. 

4) Hybrids from inter- and intra-regional cross-combinations were raised 
among Ae. squarrosa strains. The fertility of the F, hybrids was normal in 
most cases; it was low in some combinations. The sterility of the intra-species 
hybrids seemed to depend mainly on the genotype difference between the parents 
and partly on environmental conditions. 

5) Based on cytological studies, a reciprocal translocation was ascertained in 
one strain of Ae. sguarrosa and two strains of Ae. columnaris found in Iran. 


2. Triticum 


Triticum species were collected from the whole area along the expedition 
route. They were classified according to the classification systems of KORNICKE 
(1885), Percivat (1921) and Mansretp (1951). Fifty varieties were found of 
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T. vulgare, one of T. compactum, five of T. durum and one of T. turgidum. 

With respect to four morphological characteristics (awn length, hairiness of 
empty glumes, glume color and seed color), T. vulgare strains from the Tehran, 
Isfahan and Kabul regions showed wide variation, while the strains from the 
Gorgan and Tabriz regions were less variable. Three new varieties were found 
in our collection. 

The vulgare strains from the Isfahan region are characterized by inflated and 
awnless ears. A variety of wheat with pubescent chaff has been found there. T. 
vulgare in the Tehran and Kabul regions is also rich in variation. 

T. compactum was found mainly in the mountaineous area of the Kabul region 
and in Ardabil in the Pahlavi region. The Afghan strains were characterized by 
slight square-headedness, while those from Iran were normal. 

Five varieties of T. durum were found in the Gorgan region. Aé. squarrosa 
was found there in or along the borders of durum wheat fields. 

T. turgidum with branched ears was found in the Isfahan region. This 
variety seems to have been introduced recently from U.S.S.R. 

A sample obtained by the courtesy of Dr. M. Ara, University of Tehran, 
carrying the name T. monococcum, revealed to be tetraploid (2n=28). It could 
be a new variety of T. polonicum, from morphological and cytological observation. 
According to Heslot (1959) this variety is a new species, T. ispahanicum. 


3. Artificially synthesized hexaploid wheats 


Nineteen new hexaploid wheats were synthesized from hybrids between em- 
mer wheats and Ae. sguarrosa including var. typica, var. meyert and ssp. stran- 
gulata. In general, the cross combination of T. persicumx Ae. squarrosa, ssp. 
strangulata or var. meyeri gave high percentage of pollen- and seed-fertility in Fy 
hybrids. An amphidiploid ABD No. 22 synthesized from T. persicum and a brown 
rust resistant strain of Ae. sguarrosa var. meyeri was resistant to brown rust. 


4. General conclusion 


Since 1949, it was our conviction that common wheat arose as a hybrid 
between a cultivated emmer wheat and Ae. squarrosa (KiHARA and LILIENFELD 
1949). As the result of our investigations, we could add strong evidences favoring 
this theory. Namely: 

1) Ae. squarrosa is a common weed in wheat fields. 

2) Wheat and Ae. squarrosa flower at the same time of day in the same 
season. 

3) 3x hybrids are very easily obtained. They set many seeds even by self- 
pollination. Their offspring are 6x. 
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Stock 
No.* 


3001-3 
3002-2 
3003-1 
3004-2 
3005-3 
3007-1 
3010-4 
3013-6 
3015-1 
3017-2 
3025-3 
3026-1 
3027-1 
3028-3 
3030-2 
3031-1 
3032-5 
3034-1 
3035-1 





Soe ea 


. durum Desr. 
. polonicum L. 
. vulgare VILL. 
. Sphaerococcum PERC. 
. vulgare VILL. 

oa 

a” 

a 

4 

4 

a 

b 

4 

a 

a 

7 

a 
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List of Triticum collected by KUSE, 1955 


Species and variety 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var, 


var. 


Var. 


var. 


var. 


hordeiforme (Host) Kory. 
chrysospermum KOrN. 
barbarossa ALEF. 
rubiginosum PERc. 
suberythroleucon Vav. 


graecum KOrn. 


erythroleucon-compactoides Kos. 


erythroleucon KOrn. 

a 
lutinflatum Vav. 
graecum KOrN. 
hostianum-compactotdes GOxe. 
erythroleucon KORN. 
erythrospermum KOrn. 
velutinum-compactoides ZHuK. 
lutescens-compactoides Kos. 

a 

graecum Kory. 


erythrospermum KOrnN. 


(* Stock No. is based on culture number in 1956.) 


a 


Y 








Locality or source 


a 


a 


a 


Y 


Quetta region: 
Fruit Exp. Station, Quetta, 


Hudda (Suburbs of Quetta), 


4 


4 


a 


Suburbs of Quetta, 


Agr. Exp. Station, Quetta, 





Pakistan 
a 


a 


POT 


VUVNV], [AL PUB VLIHSYNVA “y ‘VAVHTY “Y 
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3036-10 T. vulgare VILL. var. ferrugineum ALEF. Agr. Exp. Station, Quetta, Pakistan 
3037-9 a var. erythroleucon-compactoides Kos. a o 
3038-6 a var. meridionale KOrn. ao a 
3040-1 a var. hostianum-compactoides GOKa. a a 
3044-1 “ao var. lutescens-compactoides Kop. | a a 
3045-2 a var. a oo a 
3047-1 a var. a o a 
3048-1 ao var. velutinum-compactoides ZauK. a a 
3050-3 “& var. meridionale Korn. | a a 


| Kabul region: 








3052-1 “a var. graecum KOrn. Quetta - Chaman, 4 
3053-1 a var. suberythrospermum Vav. : a a 
3056-1 a var. erythrospermum KOrn. ‘ao ” 
3058-1 ao var. subferrugineum Vav. a 4 
3059-1 a var. subferrugineum-compactoides GOxa. | 4 4 
3060-1 4 var. ferrugineum ALEF. I a oa 
3061-6 | ao var. suberythrospermum Vav. | a a 
3063-2 4 var. ao : “a a 
3064-2 a var. subgraecum Vav. : Suburbs of Chaman, ao 
3065-9 a var. ao | a a 
3068-8 a var. subferrugineum Vav. a a 
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3069-10 
3070-1 
3072-1 
3073-1 
3074-1 
3075-1 
3076-4 
3078-10 
3079-2 
3080-1 
3081-3 
3082-2 
3083-1 
3084-10 
3085-8 
3086-7 


3087-1 
3089-6 
3091-1 
3092-9 
3093-1 





T. vulgare Vi. 


a 


a 


a 


a 


ao 


Y 


a 


a 


a 


a 
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var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


Var. 


var. 


Subgraecum Vav. 
suberythrospermum Vav. 


submeridionale Vav. 


erythrospermum-compactoides Kon. 


Serrugineum ALEF. 

meridionale KOrn. 

submeridionale Vav. 
a 


submeridionale-inflatum Paum. 


meridionale-compactoides GOxa. 


graecum Korn. 

4 
erythrospermum KOrn. 
submeridionale-inflatum Pam. 
hostianum-compactotdes GOxG. 
graecum-compactoides Kos. 
erythrospermum KOrn. 
graecum Korn. 
submeridionale Vav. 
hostianum-compactoides GOxG. 


graecum KOrn. 





Suburbs of Chaman, 


Suburbs of Kandahar, 


Kandahar — Jaldak, 


a 
a 


“a 


Jaldak, 


a 


Jaldak — Ghazni, 


a 


a 


a 


ao 


ao 


ao 


a 


Pakistan 


Afghanistan 


a 


a 


a 


ao” 


a 


a 


a 


ao 


Y 


Y 


Y 


Y 


a 


ao 


a 


ao 
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3096-2 
3097-10 
3098-9 
3099-5 
3100-13 
3101-9 
3102-4 
3103-3 
3105-1 
3106-9 
3107-1 
3108-3 
3109-10 
3110-10 
3111-5 
3112-3 
3114-6 
3117-1 
3118-4 
3121-6 
3123-1 





T. vulgare Vi. 

ao 
. compactum Host 
. vulgare Vii. 


. compactum Host 


YS os 


. vulgare Vii. 
a” 
» 
a 
a 
a 
T. compactum Host 
T. vulgare Vitu. 
a” 
4 


ag 


ao 


“ao 


var. 


Var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


Serrugineum AEF. 
subturcicum Vav. 

erinaceum KOrn. 
Serrugineum Aer. 

erinaceum KOGrn. 
Serrugineum ALEF. 
trucicum-compactoides ZaUK. 
barbarossa-compactoides GOxa. 
barbarossa AEF. 
Serrugineum ALEF. 
erythrospermum KOrN 
erinaceum KOrn. 
ferrugineum ALE. 
barbarossa-compactoides Gixa. 


ferrugineum AEF. 


erythrospermum-compactoides Kon. 


Serrugineum ALRF. 
meridionale KOrn. 
erythroleucon KORN. 
subferrugineum Vav. 


hostianum CLEM. 


Kabul, 


Unknown, 
ao 
Kabul - Pul-i-Khumri, 


a 





Afghanistan 
ao 


ao 


Y 


a 


a 


Y 


Y 


YY 


» 
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3124-1 


3125-2 
3126-10 


3127-4 
3128-1 
3129-6 
3130-3 
3131-4 
3132-6 
3133-10 
3134-1 
3136-9 
3137-4 
3138-10 


3139-8 
3140-2 
3141-1 
3143-9 





T. vulgare VILL. 


a 
ao 


a 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var, 


Var. 


var. 


var. 


var. 


var. 


barbarossa ALEF. 


erythroleucon KOrwn. 


Serrugineum ALEF. 


trucicum KOrn. 
erythrospermum KOrn. 
trucicum KOrn. 
griseum Vav. 
Serrugineum-compactoides Kos. 
subbarbarossa-inflatum Pawm. 
a 
a 
trucicum KOrn. 
erythroleucon KOrN. 


trucicum KOrwN. 


erythroleucon KORN. 
erythrospermum KOrn. 
subferrugineum-inflatum Pawn. 


erytherospermum KOrwn. 


Kabul - Pul-i-Khumri, 
Pul-i-Khumri region: 
Kabul - Pul-i-Khumri, 
a 
Maimana region: 
Andkui - Maimana, 
a 
a 
a 
Maimana, 
a 
“a 
4 
Herat, Afghanistan — Mashhad, 
a 
a 


Tehran region (I): 
Herat, Afghanistan — Mashhad, 


Y 


Y 


Afghanistan 


Iran 


ao 


80T 
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3144-5 
3145-1 
3146-1 
3147-7 
3148-10 
3149-2 
3150-2 
3151-3 
3152-8 
3153-3 
3154-10 
3155-1 
3156-4 
3157-6 
3158-2 
3159-1 
3160-10 
3161-8 
3162-1 
3163-4 
3164-1 





T. vulgare Vin. 
a 
a 
a 


a 


ao 
a 
4 


a 


Y 


a 
a 


a 


var. 


var. 


var. 


var. 


var. 


var. 


val. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var, 


var. 


var. 


var. 


Var. 


var. 


var. 


subferrugineum-inflatum Pam. 
ao 

erythrospermum KOrm. 
subbarbarossa-inflatum PauM. 

with yellow giains (nova) 
Serrugineum AEF. 
subferruginum-inflatum Pam. 
erythrospermum KOrn. 
barbarossa ALEF. 
suberythroleucon-compactoides GOxa. 
subserrugineum-compactoides GOxa. 
erythroleucon KOrn. 
murinum Fuaxss. 
Serrugineum-compactoides Kor. 
graecum KOrn. 
hostianum CurM. 
suberythroleucon-inflatum FRENK. 

a 

erythrospermum KORN. 
suberythrospermum-inflatum Pawm. 
erythroleucon KORN. 


a 





Herat, Afghanistan — Mashhad, 
Mashhad - Shahrud, 

a 

so 

ao 

a 

so 

a 

“ao 

a 

” 

a 


a 


Shahrud - Semnan, 


a 
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a 


a 


Y 


Y 
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3165-3 
3166-10 
3167-1 
3168-7 
3169-10 
3171-5 
3172-5 
3173-3 
3174-3 
3175-2 
3176-1 
3177-6 
3178-2 
3179-10 
3180-10 
3181-1 
3182-3 
3184-1 
3185-1 
3186-1 





T. vulgare Viv. 


4 


t 
a 


a 


Y 


(Continued) 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var, 


var. 


var. 


var. 


var, 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


khorossanicum Vav. 
subgraecum Vav. 
Rhorossanicum Vav. 
subrubromurinum GOxG. 
khorossanicum Vav. 
nigromeridionale GOxKe. 
lutinflatum Vav. 
subferrugineum-compactoides GOxa. 

a 
erythrospermum-compactoides Kos. 
erythrospermum KOrN. 
subgraecum Vav. 
Subnigroturcicum GOxa. 
subbarbarossa-inflatum Pam. 

with yellow grains (nova) 

subrubromurinum GOxKa. 
lutinflatum Vav. 
suberythrospermum Vav. 
lutinflatum Vav. 
khorossanicum Vav. 


subgraecum Vav. 





Isfahan region : 
Suburbs of Isfahan, 


a 
7 
“a 
Isfahan —- Saman, 
ao 
ao 
ao 
a 
Suburbs of Saman, 
Suburbs of Shahr-Kord, 
a 
4 


Shahr-Kord - Isfahan, 


Y 
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Appended Table 1. (Continued) 


3213-3 
3214-1 
3215-1 
3217-10 
3219-1 
3220-7 
3221-6 
3223-1 
3225-5 
3226-1 
3226-10 
3227-2 
3228-8 
3229-5 
3230-3 
3231-10 
3232-3 


3233-8 
3234-7 
3235-8 





T. vulgare Vu. 
a 
a 


a 


Y 


Y 


Y 


4 
b 
b 
a 
. spelta L. 
. orientale PERc. 


. spelta L. 


Se 3 


. vulgare VILL. 
a” 


T. polonicum L. 


T. durum Desr. 


T. vulgare VIL. 


var. 


var. 


var, 


Var. 


Var. 


Var. 


Var. 


var. 


var. 


var. 


var. 


var. 


var. 


var, 


var. 


var. 


new 


var. 


var. 


var. 


erythroleucon KORN. 
echinodes-inflatum Vav. 

with lax ear (nova) 
subbarbarossa-inflatum Paum. 

ao 

erythroleucon-compactoides Kos. 
subbarbarossa-inflatum Pam. 
hostianum KOrn. 
trucicum KOrn. 
barbarossa ALEF. 
suberythroleucon-compactoides GOxa. 

ao 
vulpinum ALEF. 
insigne PERc. 
arduini KOrn. 
Subferrugineum Vav. 
subbarbarossa-inflatum Pau. 


variety (nova) 


hordeiforme (Host) KOrn. 
ferrugineum ALEF. 


erythrospermum KOrwn. 





Tehran — Ghazvin, 


Agr. Exp. 


Iran 
Karaj (Suburbs of Tehran), a 
a ao 
a t 
4 a 
ao a 
a 4 
a a 
a a 
a 2 
a 4 
Sta., Tehran, a 
t 4 
4% (Isfahan collection), “ao 
a a 


Y 


4% (Near Isfahan collection), 


Gorgan region (I): 
Sari - Behshahr, 


a 


a 





Y 


Y 


Y 


oll 
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Appended Table 1. (Continued) 


3236-2 
3236-7 
3237-3 
3238-2 
3241-1 
3242-4 
3243-8 
3244-1 
3245-4 
3246-3 
3248-2 
3249-3 
3253-4 
3254-1 
3255-6 
3256-1 


3257-1 
3258-6 
3259-1 
3260-8 





T. vulgare Viv. 
+ 
a 
s 
4 


a 


> 
a 
“a 
T. durum Desr. 
T. vulgare Vi. 
a 
T. durum Desr. 


a 


T. vulgare Vue. 
a 
a 


a 


var. 


var. 


Var. 


Var. 


var. 


var. 


var. 


var. 


Var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


Serrugineum AEF. 

a 
erythrospermum Korn. 
erythrospermum-compactoides Kon. 


erythrospermum KOrn. 


erythrospermum-compactoides Kon. 
a 
a 
obscurum Korn. 
erythrospermum KORN. 
a 
murciense KORN. 


a 


barbarossa ARF. 
erythrospermum KOrn. 
subbarbarossa-inflatum Pam. 


with yellow grains (nova) 
suberythroleucon-infiatum FRENK. 





Sari — Behshahr, 


a 


id 


a 


a 


Suburbs of Gorgan, 
Gorgan — Khoshyailagh, 


Tehran region (III): 
Khoshyailagh, 


ao 


Khoshyailagh - Shahrud, 


a 


a 


a 


a 


ao 


a 


ao 





Iran 


NS 


a 


a 


a 


» 


ao 


a 


o 
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3261-] 
3262-10 
3263-2 
3264-8 
3265-1 
3267-1 
3269-6 
3270-2 
3271-8 
3272-9 
3273-2 
3274-5 
3276-10 
3277-6 
3278-1 
3279-2 
3280-3 
3281-10 
3282-2 
3283-1 





T. vulgare Viub. 


ao 


a 


Y 


T. durum Desr. 


a 


T. vulgare Viti. 


a 


a 


a 


Y 


(Continued) 


var. 


var. 


var. 


var. 


Var. 


Var. 


var. 


var. 


var. 


var. 


var, 


var. 


var. 


var. 


Var. 


var. 


Var. 


var. 


Var. 


Var. 


var. 


trucicum KORN. 
Serrugineum AEF. 
erythrospermum KOrn. 
FSerrugineum ALEF. 
meridionale KOrwn. 
erythroleucon KOrn. 
Serrugineum AEF. 
valenciae KOrn. 
a 

graecum-compactoides Kos. 

a’ 

a 
subbarbarossa-inflatum PaLm. 

with yellow grains (nova) 
subferrugineum Vav. 
suberythrospermum-inflatum Pam. 
graecum KOrn. 
erythroleucon KOrn. 
subbarbarossa-inflatum Pam. 

with yellow grains (nova) 

a 
a 


transcaspicum Vav. 





Suburbs 


Tehran — 


a 
a 
a 
a 
a 
ao 


Suburbs 


Y 


of Tehran, 


Y 


Y 


Firuzkuh, 


of Firuzkuh, 





Iran 


Y 


a 


Y 


Y 


Y 


Y 


Y 


Y 


x 


Y 
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Appended Table 1. (Continued) 








3285-8 T. vulgare VILL. var. suberythrospermum Vav. Suburbs of Firuzkuh, Iran 
3286-1 “o var. alborubrum-inflatum Vav. a a 
3287-3 ‘ a var. subbarbarossa-inflatum Pam. a ao 
with yellow grains (nova) 
3288-8 ao var. erythrospermum KOrn. a a 
3289-9 “4 var. ferrugineum ALEF. Firuzkuh - Sari, ‘a 
3290-9 | a var. a a ao 
i 
| Gorgan region (II): 
3291-1 | TT. durum Desr. var. provinciale (ALEF.) KOrn. | Suburbs of Sari, a 
3292-2 T. vulgare Vit. var. erythrospermum KOrn. Sari — Behshahr, a 
3294-1 4 var. ferrugineum ALEF. | a a 
3295-6 4 var. erythrospermum-compactoides Kon. Suburbs of Behshahr, o 
Pahlavi region: 
3296-7 a var. erythrospermum KOrn. Suburbs of Chalus, a 
3296-12 a var. a ao a 
3297-9 | a var. erythrospermum-compactoides Kon. o a 
3299-1 4 var. erythrospermum Korn. | Suburbs of Pahlavi, “ao 
3302-3 a var. erythrospermum-compactoides Kos. : Astara - Ardabil, 
3303-4 | a var. ferrugineum-compactoides Kon. : a 
3304-3 T. compactum Host var. erinaceum KORN. a a 
3305-1 T. vulgare Vi. var. barbarossa AuRrF. ‘a > 
3306-2 T. compactum Host var. erinaceum KOrn. | “ao o 








wna, pue sdopJay 


Sil 


Appended Table 1. (Continued) 


3307-9 
3308-4 
3309-6 
3310-4 
3311-1 
3312-6 
3313-7 
3314-2 
3315-1 
3316-2 
3316-9 
3317-5 
3318-1 
3319-10 
3320-8 
3321-7 
3322-1 
3323-4 
3324-3 
3325-5 
3326-1 





T. vulgare Viuv. 
T. compactum Host 


T. vulgare ViLu. 


» 


a 


a 


a 


a 


var. 


var. 


var. 


var. 


var. 


Var. 


var. 


var. 


Var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


Serrugineum-compactoides Kos. 
erinaceum KORN. 
Serrugineum-compactoides Kos. 
Serrugineum ALEF. 


Serrugineum-compactoides Kos. 


erythrospermum-compactoides Kop. 


meridionale KORN. 
erythroleucon KOrn. 

+ 
meridionale KOrn. 

a 
Serrugineum ALEF. 
erythroleucon KORN. 
Serrugineum AwErF. 

a 
erythrospermum KOrN. 
Serrugineum Auer. 
meridionale KOrn. 
FSerrugineum ALEF. 
erythrospermum Korn. 


merdidionale-compactoides GOxKe. 





Suburbs of Ardabil 


Ardabil - Sarab, 


4 


a 


a 


a 


a 


a 


a 


Y 


a 


oa 


ao 


a 


a 


Ira 


Y 


4 


a 


a 


a 





n 
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Appended Table 1. (Continued) 
3327-1 T. vulgare Vit. var. fulvocinereum FLaxss. Ardabil - Sarab, Iran 
3328-2 a var. ferrugineum ALEF. a a” 
3329-1 a var. barbarossa ALEF. Suburbs of Sarab, ao 
3331-8 a var, meridionale KOrn. o ” 
3332-1 a var. nigromeridionale GOxa. a” a” 
with brown grains (nova) 
3333-4 a var. meridionale KOrn. Sarab — Tabriz, a 
3335-3 “ao var. ferrugineum ALF. a ao 
3337-7 a var. fulvocinereum FUAKSB. a ao 
3338-6 a var. erythrospermum KOrn. a a 
3339-2 a var. hostianum Korn. o ao 
Tabriz region: 
3341-1 a var. a Sarab - Tabriz, a 
3342-2 a var. erythrospermum KOrn. ao a 
3343-10 ao var. meridionale KOrn. Suburbs of Tabriz, ao 
3344-7 a var. erythrospermum-compactoides Kon. a a 
3345-5 ” var. hostianum KOrn. ao D 
3346-8 a var. meridionale KOrn. a a 
3347-2 a” var. a ” a 
3348-5 to var. erythrospermum KOrn. a “ao 
3349-1 4 var. meridionale KOrn. o a 
3350-3 a var. hostianum Korn. Tabriz ~ Mahabad, 2 
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Appended Table 1. (Continued) 


3351-1 
3352-3 
3353-2 
3354-2 
3355-3 
3356-1 
3360-2 
3361-2 
3362-10 
3363-2 
3364-2 
3365-1 
3367-7 
3369-4 
3370-9 
3371-2 


3374-1 
3438-1 
3439-1 





T. vulgare Vi. 


ao 


Y 


a 
T. aegilopoides Bat. 


a 


var. 


var. 


var. 


var. 


var. 


Var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


var. 


Var. 


var. 


a 
Serrugineum ALEF. 

> 
erythrospermum Korn. 
nigrocyanorubrum GOxa. 
Serrugineum Aver. 

a 
meridionale KOrn. 
velutinum KOrn. 
barbarossa ALEF. 
erythrospermum-compactoides Kos. 
meridionale KOrn. 

” 
nigromeridionale GOxa. 

with brown grains (nova) 

meridionale KOrn. 


Serrugineum ALEF. 


subbarbarossa-inflatum Paum. 
boeoticum PERc. 


thaoudar PERC. 





Tabriz — Mahabad, 
a 
a 
a 
Suburbs of Mahabad, 
a 
ao 
Suburbs of Rezaiyeh, 
Rezaiyeh — Khoy, 
Khoy - Tabriz, 
a 
4 
a 
“o 
4 
a 
Tehran region (IV): 
Karaj (Suburbs of Tehran), 
Agr. Exp. Sta., Tehran, 


a 





Iran 


a 


Y 


Y 


Y 


Y 
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Morphological and cytological studies on various 
species of Gramineae collected in Pakistan, 
Afghanistan, and Iran” 


Sadao SAKAMOTO and Mikio MURAMATSU 


National Institute of Genetics, Misima and Kihara Institute 
for Biological Research, Yokohama, Japan. 


During the Kyoto University Scientific Expedition to the Karakoram and Hin- 
dukush in 1955, a considerable number of wild and cultivated species of Gramineae 
was collected in the form of herbarium specimens or panicles. The seeds collected 
have been planted and maintained since 1956 in the experiment fields at the 
Laboratory of Genetics, Faculty of Agriculture, Kyoto University, and the National 
Institute of Genetics, respectively. The distribution and chromosome number of 
those species of Gramineae other than Aegilops, Echinochloa, Hordeum, Lolium, 
Secale, and Triticum are reported in the present paper. 

Identification of species was made by Dr. Jisaburo Oxnwi, National Science 
Museum, Tokyo, except the species belonging to the genus Eremopyrum, which 
were identified by Dr. N. L. Bor, Royal Botanic Gardens, Kew, and Dr. A. 
MELpeERIs, British Museum (Natural History), London. 

Chromosome number was determined at the mitotic metaphase of root-tip cells 
using a Feulgen aceto-carmine squash method. 

Species, collection number, source, and chromosome number of the strains ex- 
amined are listed in Appended Table 1. 

Agropyron: Three species were recognized in the present collection, A. in- 
termedium (Host) P. Beauv. (?), A. trichophorum (Link) RicuT. and A. sp., 
probably A. repens (Linn.) P. Beauv. or A. intermedium. 

A. intermedium (?) was collected near Tehran and Tabriz, Iran. Of four 
strains collected, one (No. 7014) was octoploid (2n=56), whereas only the hex- 
aploid number has previously been reported for A. tntermedium (2n=42; PETO 
1930* and others). 

A. trichophorum was found in Tehran-Sari, Iran and in Laman-Herat, Af- 
ghanistan (Figs. 1, 2, 3). Two strains (Nos. 7023 and 7024) were raised in the 
experiment field. Of five individuals of No. 7023 grown in 1956, one had waxy 
bloom and pubescent spikelets, one was waxy and non-pubescent, two were non- 





1) Contributions from the National Institute of Genetics, Japan, No. 495. 
Citations: (*) from Myers (1947), and (**) from Carnawan and Hinz (1961). 
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Spikes of Agropyron, Elymus, Festuca and Henrardia x0.38 


Agropyron trichophorum (Nos. 7023, 7023 and 7024) 

A. sp., probably A. repens or A. intermedium (No. 7003) 
Elymus dahuricus (No. 7066) 

Festuca elatior (No. 7182) 

F. Myuros (No. 7183) 

Henrardia persica var. persica (No. 7333) 

H. persica var. glaberrima (No. 7334) 





waxy and pubescent, and one was non-waxy and non-pubescent. This indicates 
genetic heterogeneity of the orignal clone of this strain. The two strains were 
examined cytologically, and both were hexaploid (2n=42; Fig. 68), in conformance 
with the observation of STEBBINS and Pun (1953). A. sp. collected in Afghanistan 
and Iran was an intermediate type between A. intermedium and A. repens, as 
shown in Fig. 4. Cytological observation indicated the octoploid condition (2n= 
56), as in A. intermedium (?). From the morphology of spike and spikelets, and 
the chromosome number of these plants, it is possible that the species is A. cam- 
pestre Gren. ef Gopr., which occurs in France and is octoploid (Simonet 1935%, 
CAUDERON 1958). 

Alopecurus mysuroides Hups.: This species was collected in Isfahan-Damaneh, 


Gramineae 121 


Iran (Fig. 18). It seemed to be a cross-pollinated species, for it is protogynous 
and has large anthers. Flowering progressed from top to bottom of a spike. 
One of the seven pairs of chromosomes had a satellite, while the rest has median 
or submedian centromeres (Fig. 69). The chromosome number, 2n=14, was also 
reported by CuHurcH (1929*) and KATTERMANN (19307). 





i 


Figs. 10~14. Spikes of Bromus x 0.38 


10 and 11. Bromus Danthoniae (Nos. 7161 and 7165) 
12. B. madritensis (No. 7152) 

13. B. macrostachys (No. 7144) 

14. B. racemosus (No. 7138) 
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Brachypodium sylvaticum (Hups.) P. BEAuy.: Three strains were collected in 
Iran (Figs. 19 and 20). Plants were non-waxy and glabrous except for the nodes 
of the stem. The somatic chromosome number was 18 (Fig. 70). The same 
chromosome number was observed by AvpuLov (1931) and others. The chromo- 
somes were very small compared with other groups of Gramineae. 

Bromus: Seven species of this genus, B. brizaeformis Fiscu. et MEyER, B. 
Commutatus SCHRADER, B. Danthoniae (DesF.) Trin., B. macrostachys Desr., B. 
madritensis Linn., B. racemosus Hups. and B. secalinus LinN., were identified. 
Fig. 85 shows the collection localities of the 21 strains of this genus that were 
examined. Spikelet characteristics of seven species are shown in Figs. 23~31. 

B. brizaeformis was collected only in Astara, Iran (Fig. 15). It was found to 
be a diploid species (2n=14), as observed also by AvDULov (1931). All chromosomes 
had median or submedian centromeres (Fig. 71). B. Commutatus was collected in 
Gorgan and Tabriz, Iran (Fig. 16). Spikelets of this species were awned, and the 
awns curved when spikes were ripe. Nodes were slightly pubescent. Purple color 
developed in the stem at maturity. It was a diploid species (2n=14). This species 
was also collected in Nuristan by Kitamura (1960). Diploid (FELF6Lpy 1947**), 
tetraploid CKNowLes 1944*) and octoploid (NIELSEN 19397) of this species have 
been reported. B. Danthoniae (Figs. 10 and 11) was obtained in various places 
along the expedition route. Awns of this species curved, and mature stems were 
purple. The seven strains examined were all diploid (2n=14), as also reported by 
SCHULZ-SCHAEFFER and MarRKARIAN (1957**). B. macrostachys was found in Pul-i- 
Khumri, Afghanistan. Spikelets of this species were larger than those of other 
species, and awns of outer glumes curved sharply when spikes ripe (Figs. 13 and 
29). It was a tetraploid species (2n=28). Diploid (STAHLIN 1929*) and tetraploid 
CAvpuLov 1931, CucNac and Simonet 1941*) of this species have been reported 
previously. B. madritensis was collected in Isfahan, Iran. Morphology of the spike 
and spikelet of this species were decidedly different from the other Bromus species 
(Figs. 12 and 27). The present material was a diploid (2n=14). However, tetra- 
ploid CAvpuLov 1931 and others) and hexaploid (STAHLIN 1929") have been report- 
ed. B. racemosus (Fig. 14) was collected in Pahlavi-Sari, Iran. Morphologically 
this species was very similar to B. Commutatus. It was a diploid (2n=14, Fig. 
72), whose chromosomes had median or submedian centromeres. MaupeE (1940*) 
and Know_es (1944*) reported tetraploid strains of this species. B. secalinus was 
found in Pul-i-Khumri, Afghanistan (Fig. 17). Cytological study of this species 
could not be made, owing to the lack of germinable seeds from the original spe- 
cimen. 

Cynosurus echinatus Linn.: Only one strain of this species was collected in 
Astara~Ardabil, Iran (Fig. 54). The somatic chromosome number determined in 
root-tips was 2n=16 (Fig. 73). Six pairs of chromosomes had terminal or subter- 
minal centromeres, one pair had a median centromere, and the eighth, a smaller 
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20 f : 21 
Figs. 15~22. Spikes of Bromus, Alopecurus, Brachypodium and Taentatherum x 0.38 


15. Bromus brizaeformis (No. 7121) 

16. B. Commutatus (No. 7134) 

17. B. secalinus (No. 7132) 

18. Alopecurus mysuroides (No. 7006) 

19 and 20. Brachypodium sylvaticum (Nos. 7111 and 7112) 
21. Taeniatherum asperum (No. 7065) 

22, T. crinitum (No. 7064) 


pair (shown by arrows in Fig. 73) evidently also had a median centromere. 
STAHLIN (1929*) and AvpuLov (1931) found 2n=14 for this species, and the other 
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Figs. 23~34, Spikelets of Bromus, Heteranthelium and Taentatherum x 0.83 


23. 
24, 
25. 
26. 
27. 


28. 
29. 


Bromus brizaeformis (No. 7121) 
B. Commutatus (No. 7134) 

B. racemosus (No. 7138) 

B. secalinus (No. 7132) 

B. madritensis (No. 7152) 

B. Danthoniae (No. 7161) 

B. macrostachys (No. 7144) 


30 and 31. B. Danthoniae (Nos. 7165 and 7166) 


32. 
33. 
34. 


Heteranthelium piliferum (No. 7055) 
Taeniatherum asperum (No. 7065) 
T. crinitum (No. 7064) 
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two species of Cynosurus that have been studied cytologically, C. balansae Coss. 
et Dur. (AvpbuLov 1931) and C. cristatus LINN. (STAHLIN 1929*, ApvuLov 1931), 
also are 2n=14. Therefore, the basic number of this genus is seven (DARLINGTON 
and Wy ie 1955). Two possibilities for explaining the chromosome constitution of 
the present material may be advanced: (1) that one pair (the smaller pair with 
median centromere) is supernumerary, or (2) that there is a second basic number 
in this genus, x=8. It is desirable to collect other strains of this species for 
cytological comparison with the present material. 

Dactylis glomerata Linn.: This species (Fig. 55) was collected from three 
different localities in Iran. It was a tetraploid (2n=28), as previously found by 
Cuurcu (1929*) and others. 


35° 36.1 37) 38 


Figs. 35~43. Spikes of Eremopyrum x 0.38 


35~39. Eremopyrum buonapartis var. buonapartis (Nos. 7035, 7036, 
7038, 7042 and 7043) 

40 and 41. E. buonapartis var. sublanuginosum (Nos. 7032 and 7034) 

42. E. distans (No. 7041) 

43. E. orientale (No. 7037) 








Figs. 44~53. Spikelets of Eremopyrum x 1.0 
44~48. Eremopyrum buonapartis var. buonapartis (Nos. 7035, 7036, 
7038, 7042 and 7043) 
49 and 50. E. buonapartis var. sublanuginosum (Nos. 7032 and 7034) 
51. E. distans (No. 7041) 
52 and 53. E. orientale (Nos. 7031 and 7037) 
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Figs. 54~67. Spikes of twelve species of Gramineae x 0.38 


54. Cynosurus echinatus (No. 7221) 

55. Dactylis glomerata (No. 7212) 

56 and 57. Heteranthelium piliferum (Nos. 7051 and 7052) 
58. Koeleria phleoides (No. 7192) 

59 and 60. Phalaris minor (Nos. 7271 and 7273) 
61. Polypogon monospeliensis (No. 7251) 

62. Cynodon dactylon (No. 7321) 

63. Eragrostis sp. (No. 7202) 

64. Paspalum distichum (No. 7291) 

65. Phleum paniculatum (No. 7244) 

66. Setaria verticillata (No. 7281) 

67. Sorghum halepense (No. 7311) 
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Elymus dahuricus Turcz.: One strain (Fig. 5) collected at Hopar, Afghan- 
istan was hexaploid (2n=42, Fig. 74). Tetraploid (Brown 1948**) and hexaploid 
(AvpbuLov 1931, Matsumura et al. 1956) have been found. 

Eremopyrum: Two varieties of E. buonapartis (SpRENG.) NEVSKI, var. buona- 
partis and var. sublanuginosum (Dros.) MELDERIS (=E. hirsutum Nevski), E. 
distans (C. Kocu) Nevsk1, and E. orientale (Linn.) Jaus. et SPACH. were collected 
along the expedition route (Fig. 85). Size and shape of these species are very 
similar (Figs. 35~43), but the spikelets (Figs. 44~53) distinguish them. 

Seven of the 12 strains of Eremopyrum examined were found to be E. 
buonapartis var. buonapartis. It was distributed widely in the area. Of the seven 
strains of var. buonapartis, one (No. 7035, Figs. 35 and 44), with short-awned and 
non-pubescent spikelets, cellected in Isfahan, Iran, was diploid (2n=14, Fig. 77). 
The rest, all strains of var. buonapartis with awnless and non-pubescent spikelets, 
were tetraploid (2n=28, Fig. 80). Two strains of var. sublanuginosum (Nos. 7032 
and 7034, Figs. 40, 49 and 41, 50 respectively) with awnless and pubescent spikelets 
were tetraploid. E. distans (No. 7041, Figs. 42 and 51), a diploid with awned and 
hairy spikelets, was collected in Pul-i-Khumri, Afghanistan. Two strains of E. 
orientale CNos. 7031 and 7037, Figs. 43, 52 and 53 respectively) with short-awned 
and pubescent spikelets found in Quetta-Chaman, Pakistan and in Ardabil-Tabriz, 
Iran, were tetraploid (Figs. 78 and 79). This species was collected together with 
E. buonapartis var. sublanuginosum in Quetta~Chaman, Pakistan. 

The somatic chromosome numbers of five Eremopyrum species were determined 
by SArKAR (1958). The present results differed in several points from his report, 
as shown in the following table (Table 1): 


Table 1. Somatic chromosome numbers of four Eremopyrum species 





Species SaRKAR (1958) Present results 
= 3 - 
E. buonapartis var. buonapartis 28 | 14 and 28 
o var. sublanuginosum (=E. hirsutum) 14 28 
E. distans 28 ! 14 
E. orientale 28 | 28 





The karyotype of a diploid strain of E. buonapartis var. buonapartis (Fig. 77) 
comprises two pairs of chromosomes with submedian centromeres plus five pairs 
with terminal or subterminal centromeres. One of the chromosomes with sub- 
median centromeres is a satellited chromosome. The satellite is not formed by 
a secondary constriction but rather by an attachment of a small trabant to the 
main body of the chromosome. 
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68 








71b 


Figs. 68~71. Somatic chromosomes of Agropyron, Alopecurus, 
Brachypodium and Bromus 


68. Agropyron trichophorum (No. 7023) 770 
69. Alopecurus mysuroides (No. 7006) x770 

70a. Brachypodium sylvaticum (No. 7111) 2,300 
70b. Drawing of Fig. 70a 

7la. Bromus brizaeformis (No. 7121) 770 

71b. Drawing of Fig. 71a 
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Figs. 72~76. Somatic chromosomes of Bromus, Cynosurus, Elymus, 
Heteranthelium and Koeleria 


72. Bromus racemosus (.No. 7136) 770 

73. Cynosurus echinatus (No. 7221) x770 

74, Elymus dahuricus (No. 7066) x385 

75. Heteranthelium piliferum (No. 7055) 1,030 
76. Koeleria phleoides (No. 7192) 770 
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The karyotypes of two diploid species of Eremopyrum have been studied. In 
E. triticeum, all the chromosomes have terminal or subterminal centromeres 
(SARKAR 1955 and 1958, Matsumura and Sakamoto 1955). The karyotype of the 
other species, E. hirsutum, resembles that of E. triticeum but has one pair of 
chromosomes with a submedian centromere (SARKAR 1955 and 1958). Thus, the 
karyotypes of these two diploid species are rather similar to that of the diploid 
E. buonapartis var. buonapartis, except that the latter has two pairs of submedian 
chromosomes, including one pair with a trabant attached to the short arm (shown 
by arrows in Fig. 77a). 

E. distans, which is fairly easily distinguished morphologically from the others 
(Figs. 42 and 51) has one additional submedian chromosome. It has three pairs 
with submedian centromeres plus four pairs with terminal or subterminal centro- 
meres (Fig. 81). One of the chromosomes with subterminal centromere has a very 
small characteristic trabant quite similar to that of E. buonapartis var. buonapa- 
ytis but attached to the long arm (shown by arrows in Fig. 81). 


Figs. 77~79. Somatic chromosomes of Evemopyrum 


77a. Eremopyrum buonapartis var. buonapartis (No. 7035) x770 

77b. Drawing of Fig. 77a 

78. E. orientale (No. 7031) 770 

79. Drawing of two different kinds of trabant chromosomes in 
E. orientale (No. 7031) 
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The karyotypes of two tetraploid strains, one of E. ortentale (No. 7031) and 
one of E. buonapartis var. buonapartis (No. 7038), are shown in Figs. 78 and 80, 
respectively. . 

At least nine pairs of chromosomes with terminal or subterminal centromere 
were observed in the present study. Five pairs, including one fairly large pair 
and two pairs with very small trabants, could be classified as median or submedian. 
The trabant is very similar to those found in diploid species and is so small that 
sometimes it escaped from observation. In E. orientale, one pair of trabant chro- 
mosome resembles that of the diploid E. buonapartis var. buonapartis in having 
the trabant on the short arm (a in Fig. 79), and the other pair is very much like 
that of E. distans in having it on the long arm (b in Fig. 79). In Fig. 80 of 
tetraploid E. buonapartis var. buonapartis only one of each of these two kinds of 
trabant chromosomes can be seen, as indicated by the arrows in the figure. Similar 
figures were observed in E. orientale (Fig. 78). 

SARKAR (1958) assumed that the tetraploid Evremopyrum originated as an 
amphidiploid between a diploid species of Evremopyrum and a diploid crested 
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Fig. 80. Somatic chromosomes of Eremopyrum buonapartis 
var. buonapartis (No. 7038) x770 

Fig. 81. Drawing of somatic chromosomes of E. distans 
(No. 7041) 770 
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Agropyron. From the present study, however, it is more reasonable to assume 
that the tetraploid species are derivatives from amphidiploids between diploid species 
of this genus such as the diploid FE. buonapartis var. buonapartis and E. distans, 
In particular, this idea receives support from the presence of the characteristic 
trabant-chromosomes in the tetraploid species. 

Festuca: Two species, F. elatior Linn. and F. Myuros LInN., were collected 
in Iran (Figs. 6 and 7). Cytological examination of two strains of F. elatior showed 
that one strain (No. 7182) was diploid (2n=14) and another strain (No. 7181) was 
hexaploid (2n=42) in spite of the morphological similarity between the two strains. 
Diploid and hexaploid of this species were observed by STAHLIN (1929*) and others. 
F. Myuros could not be examined cytologically. 

Henrardia persica (Boiss.) C. E. HupparD: This species was collected in Iran. 
Also, seeds of three strains (Nos. 7339-7341) were given by the Department of 
Agriculture of Iran, Tehran, to the members of the expedition. All strains were 
classified into two varieties, var. persica with dense hairs on the spikes (Fig. 8) 
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Fig. 82. Somatic chromosomes of Henrardia persica var. persica (No. 7339) x770 
Fig. 83. Drawing of somatic chromosomes of Taeniatherum asperum (No. 7065) 770 
Fig. 84. Drawing of somatic chromosomes of Taeniatherum crinitum (No. 7064) 770 
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and var. glaberrima CHausskn.) C. E. Hussparp with glabrous spikes (Fig. 9). 
Both varieties were found sympatrically in a place between Ardabil and Tabriz, 
Iran. Cytological obsevations of both varieties showed 2n=14, with the centromeres 
characteristically terminal and one pair has a secondary constriction almost at the 
end of the long arm (Fig. 82). The basic chromosome number of this genus is 
x=7. 

Heteranthelium piliferum (BANKS et SOLAND.) Hocust.: This species was 
found in Tehran and Mahabad, Iran, and in Pul-i-Khumri, Afghanistan (Figs. 56 
and 57). The chromosome number was 2n=14, consisting of one pair with a clear 
satellite and six pairs with median or submedian centromeres (Fig. 75). A very 
similar karyotype was observed by CHENNAVEERAIAH and SARKAR (1959). 

Koeleria phleoides (ViLL.) Pers.: This species was collected in Pul-i-Khumri, 
Afghanistan (Fig. 58). The somatic chromosome number was 26, with all chromo- 
somes having median or submedian centromeres (Fig. 76). AvpuLov (1931) 
observed the same chromosome number in this species. 

Phalaris minor Retz.: Three strains were collected in Afghanistan (Figs. 59 
and 60). Actively growing root-tips of this species contained an unknown brownish 
red pigment. Chromosome number found in the root-tips was 28, as also reported 
by AvpuLov (1931) and others. 

Polypogon monospeliensis Desr.: This species was collected in Kandahar, 
Afghanistan (Fig. 61). The chromosome number of this species was 2n=28, as 
found by AvpuLov (1931). 

Taeniatherum: Two species, T. asperum (Simonk.) NEvski and T. crinitum 
(Scures.) NEvsKI, were collected, the former in Pakistan and Afghanistan, and the 
latter in Iran (Figs. 21 and 22). Both species had 2n=14 in root-tips (Figs. 83 
and 84). The same chromosome number of T. asperum, described as Elymus 
asper (SIMONK.) Hanp.-Maz., was found in Argentina by Hunziker (1954). 

Others: Cynodon dactylon (LINN.) Pers. (Fig. 62), Eragrostis sp. (Fig. 63), 
Paspalum distichum Linn. (Fig. 64), Phleum paniculatum Huns. (Fig. 65), Setaria 
verticillata (Linn.) P. Beauv. (Fig. 66) and Sorghum halepense (LinN.) Pers. (Fig. 
67) were collected during the expedition, but no cytological study of these species 
was made because of the lack of germinable seeds from the original materials. 
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Fig. 85. Locality map of the species of Bromus 


S E. buonapartis var. buonapartis A B. Danthoniae 

O E. buonapartis var. sublanuginosum A\ B. racemosus 

@ E. orientale A B. Commutatus 

@ E. distans A. B. macrostachys 
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Appended Table 1. Species, collection No., source and chromosome number of Gramineae 


collected in Pakistan, Afghanistan and Iran 














; Collec- ne Figure No. 
Species a Source number Spike |Spikelet) Chromo- 
: m (2n) PIKE | OpiKelet! some 
Agropyron intermedium (Host) P. Beauv. (?) 7011 Tehran - Kraj, Iran — 
a 7012 Tehran - Sari, tL oa 
a 7013 o a —_— 
a 7014 Tabriz — Ardabil, a 56 
A, trichophorum (Linx) Rica. 7021 Tehran - Sari, a _ 
“a 7022 a a — 
a 7023 “a “a 42 1, 2 68 
a 7024 Laman - Herat, Afghanistan 42 3 
A. sp. probably A. repens any Fe BY atts 7001 Kandahar Chaend o < 
o 7002 4 a _ 
“a 7003 a a _— 4 
a 7004 a a _ 
4 7005 4 a io 
a 7007 a ao 56 
ao 7008 Tehran — Sari, Iran —_— 
Alopecurus mysuroides Huns. 7006 Isfahan —- Damaneh, “ao 14 18 69 
te 7261 a b a 
Brachypodium sylvaticum (Hups.) P. Beauv. 7111 Sari - Gorgan, “a 18 19 70a, b 
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Appended Table 1. (continued) 


2 


a 


Bromus brizaeformis Fiscu. et MEYER 


B. Commutatus SCHRADER 
ao 
a 
B. Danthoniae (Dzsr.) TRIN. 
a 
o 
a 
> 
a 
a 
B. macrostachys Drsr. 
o 
B. madritensis Linn. 
a 
B. racemosus Hops. 
a 
o 


a 





7112 
7113 
7121 
7133 
7134 
7141 
7161 
7163 
7165 
7166 
7167 
7170 
7171 
7144 
7145 
7151 
7152 
7136 
7137 
7138 
7139 


Pahlavi - Ardabil, 
> 

Astara, 

Sari, 

Sari - Gorgan, 

Mahabad - Khoy, 

Chaman, 

Isfahan, 

Tehran, 


Tabriz, 


Mahabad — Rezaiyeh, 


Pul-i-Khumri, 


Tashkurghan - Aq Chah, 


Pul-i-Khumri, 
a 
Isfahan, 
ao 
Pahlavi - Astara, 
” 
a 


a 


Pakistan 


Iran 


a 
a 


a 


Afghanistan 





14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
28 
28 


14 
14 
14 
14 
14 





20 


15 


16 


10 


11 


13 


12 


14 








23 


24 


28 


30 
31 


27 





71a, b 
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Appended Table 1. 


(continued) 
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B. racemosus Huns. 7140 Pahlavi - Astara, Iran 14 
B. secalinus Linn. 7132 Pul-i-Khumri, Afghanistan —_— 26 
Cynodon dactylon (Linn.) PErs. 7321 Ramsar — Rasht, Iran — 
Cynosurus echinatus Linn. 7221 Astara - Ardabil, a” 16 73 
Dactylis glomerata Linn. 7211 Behshahr, a 28 
” 7212 | Sari-Behshahr, “a = 55 
4 7213 | Ardabil -Sarab, a a 
Elymus dahuricus Turcz. 7066 Hopar, Afghanistan 42 5 74 
Eragrostis sp. 7202 Kandahar — Ghazni, “ao = 63 
Eremopyrum buonapartis (SPRENG.) Pe peas 7033 Ghanian: Pakistan 28 
a 7035 Isfahan, Iran 14 35 44 77a, b 
“a 7036 Isfahan — Damaneh, ao 28 36 45 
a 7038 Tabriz — Ardabil, a 28 37 46 80 
ao 7042 Mashhad, a 28 38 47 
a 7043 Kandahar, Afghanistan 28 39 48 
7 7044 Kandahar —- Ghazni, a = 
7 eter ee See (Dros.) MELDERIS 7032 Quetta -Chaman, Pakistan 28 40 49 
a 7034 Kabul - Jalalabad, Afghanistan 28 41 50 
E. distans (C. Koca) Nevsxt 7041 Pul-i-Khumri, a 14 42 51 81 
E. orientale (Linn.) Jaus. et Spacu. 7031 Quetta - Chaman, Pakistan 28 52 78, 79 
a 7037 Ardabil — Tabriz, Iran 28 43 53 
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Appended Table 1. (continued) 





Paspalum distichum Linn. 
Phalaris minor Retz. 
a 
a 
Phleum paniculatum Hups. 
ao 
ao 
a 
a 
Polypogon monospeliensis (Linn.) Dzsr. 
Setaria verticillata (Linn.) P. Beauv. 
Sorghum halepense (Linn.) Pers. 
Taeniatherum asperum NEvskKI 
a 
2 
4 


T. crinitum (Scures.) NevsK1 





7291 
7271 
7272 
7273 
7241 
7242 
7243 
7244 
7245 
7251 
7281 
7311 
7061 
7062 
7063 
7065 
7064 





Rasht — Pahlavi, 
Pul-i-Khumri, 


Iran 


Afghanistan 


Tashkurgan —- Aq Chah, “a 


Kandahar, 


Behshahr - Gorgan, 


Tehran - Sari, 
Astara, 
a 

Astara — Ardabil, 
Kandahar, 
Sari - Gorgan, 
Kabul — Charikar, 
Hazar Ghanj, 

a 

“a 
Pul-i-Khumri, 


Karaj, 


4 


“a 
‘a 

Afghanistan 
Iran 
Afghanistan 
Pakistan 

a 

4 
Afghanistan 


Iran 





28 


28 


14 
14 





59 


60 


65 


61 


67 


21 
22 





33 
34 





83 
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Introduction 


Kyoto University Scientific Expedition (KUSE) to North Afghanistan and its 
neighboring regions brought back 49 samples of cultivated barley, together with 
21 samples of wild barley, including Hordeum spontaneum C. Kocu. These were 
kindly provided to the writers for agrobotanical and genetical analyses. 

The first botanical and agricultural survey of Afghanistan was made by a 
team of Russian agronomists, headed by N. I. Vavitov. They visited there twice, 
in 1924 and 1926-27, and travelled through about 6,000km, embracing almost the 
whole territory of agricultural Afghanistan. About ten years later, a German Ex- 
pedition (DHE) again explored Afghanistan, the northern parts of India and 
Pakistan, and also a part of Iran. The barley samples collected by DHE amounted 
to as many as 538. The results of their studies on these materials were published 
by VaviLov and BukINicu (1929) and FREISLEBEN (1940), respectively. 

According to VaviLtov and Bukinicu, Afghanistan is not so rich in forms of 
cultivated barley as it is in wheat, and can hardly be considered as the center of 
origin of any kind of cultivated barley. Although they have found that the Hin- 
dukush is the natural limit of distribution for H. spontaneum, a wild species 
closely akin to the two-rowed cultivated form, little attention has been paid to 
this fact. They are of opinion that H. spontaneum has played no part in the 
origin of cultivated forms. On the contrary, FREISLEBEN (1940) has taken an 
active interest in the facts found from his study on DHE materials, namely that 
the eastern boundary of distribution of the two-rowed cultivated forms is almost 
in accord with that of H. spontaneum and further that natural crossing between 
H. spontaneum and some particular six-rowed, cultivated forms has actually occur- 
red in Afghanistan. These and some other additional facts have led him to an 
interesting hypothesis of hybrid origin of two-rowed cultivated barley in south- 
western Asia, where the two-rowed wild and six-rowed cultivated forms have 
been ocurring together. One of the present writers (TAKAHASHI 1955) has indicat- 
ed that cultivated barley is differentiated into two geographical types, Oriental 
and Occidental, and the border of their distribution lies near the regions where 
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KUSE made a botanical survey. Therfore, despite of little diversity in the 
morphological characteristics of cultivated barley as suggested by VaAviLov and 
BuKINICcH, a detailed study of KUSE material may still give some useful informa- 
tion for the consideration of phylogeny or origin of cultivated barley. 

With this in mind, the morphological and physiological characteristics of the 
barley materials collected by KUSE were studied. Emphasis was placed especially 
on such characteristics as are known to be peculiar to either of the two different 
geographical barley types. 


Morphological characteristics and geographical distribution 


1. Wild barley 

Two wild species, H. spontaneum C. Kocu and H. murinum L., were included 
in the barley collections of KUSE. AH. spontaneum is similar in many respects 
to some of the cultivated, two-rowed barley, such as 4. distichum var. nutans 
and nigricans, and is readily crossed with the cultivated forms, resulting in fer- 
tile hybrids. It differs from the latter in such characteristics as spontaneous 
disarticulation of rachises, heavily dentated awns, densely haired empty glumes, 
and an extremely long period of seed dormancy. Five varieties were classified by 
Aperc (1940) based on color of head and awn, and awn length. These are known 
to be distributed widely in south-western Asia, ranging from North Afghanistan 
to Asia Minor and the Middle East, the straw-colored form being the most pre- 
dominant. 

Nine samples of this species were collected mostly from Afghanistan. Of these, 
six were of var. ischnatherum Cosson with straw-colored head and awn, and three 
of var. trvanscaspicum Vav. having black head and awn. All of them were of 
winter habit of growth, and mostly procumbent at their early growth stage, their 
leaf-sheaths were all hairless, and leaf-blades were mostly very narrow; awns 
were 13~15cm long, rachilla long-haired and empty glumes covered with thick 
hairs, kernels were mostly thin having blue aleuron layers. However, KUSE 31 
from Iran has somewhat broader leaves and kernels without anthocyanin in aleuron 
layers; its young plant is medium erect. There are also some forms having much 
broader leaves or awns with underdeveloped barbs. These exceptions might have 
arisen from the introgression of the cultivated barley. 

Hordeum murinum L. is a cosmopolitan wild species, belonging to section 
Hordeastrum Do vt. It is obviously different in the appearance of the head and 
plant from H. spontaneum and cultivated barley, both belonging to section Cerealia 
Anps. Among 12 strains collected by KUSE, five were characterized by straw- 
colored chaff and awn, and glabrous leaf-sheath, while seven had brown-black chaff 
and hairy or glabrous leaf-sheath. There are also some minor variations among 
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them regarding such characteristics as hairiness of empty glume surface and length 
of empty glume including its awn. 

Besides these two wild species, Russian and German expeditions found the 
following six wild species distributed in this region: H. bulbosum L., H. crinitum 
Desr., H. secalinum ScureD., H. caducum Munro., H. violaceum Bois. et Huet. and 
H. maritimum With. 

2. Cultivated barley (Hordeum vulgare L. s.l.) 

Forty-nine strains of cultivated barley of the KUSE collection were classified 
after the system proposed by MANSFELD (1950). The following conspicuous charac- 
ters, mostly governed by major genes, were referred to: kernel row or develop- 
ment and fertility of lateral florets; covered and naked kernel; ear density or 
length of rachis-internodes; barbing of awns; color of caryopsis and awn caused 
by presence or absence of melanin-like substance (black and straw-color) ; blue and 
white aleuron layer of kernel. Names of varieties and their frequencies are shown 


Table 1. Varieties of cultivated barley (H. vulgare L. s.1.) found in Afghanistan 
and Iran by KUSE, Vavicov and Buxinicu, and DHE 





Variety KUSE | VAVILov et al. | DHE 
hybernum Vis. (=pallidum Ser.) 8 + . + 
nigrum Link. 1 . 
nigripallidum R. ReaEt. + 


afghanicum Vav. 
rikotense REGEL. , . + + 
parallelum KOrn. 2 

pyramidatum Korn. 

glabripyramidatum Vav. + 


brevispicatum (Vav. et Ori.) Mans.) 


coelesta L. 7 + 

himalayense (RiTT.) KOrn. + 
sublatiglumatum KOrn. + : 

nutans ALEF. | 6 | + | + 


nigricans KOrn. | 


medicum KOrn. 2 + 
\ 

persicum Korn. 3 

nudum Korn. + 


1) This was described as var. brachyatherum KOrn. + : rare occurrence. 
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in Table 1, together with the varieties found by Russian and German expeditions 
in this region. In order to help understanding their diagnostic characteristics, a table 
was also prepared and is appended to the end of this paper (Appended Table 1). 

As apparent in Table 1, KUSE collection of cultivated barley comprises only 
seven botanical varieties. About 80 per cent consists of six-rowed type (convar. 
hexastichon) and the remaining is two-rowed type (convar. distichon). Within the 
former group, var. hybernum is the most frequent. Seven strains are of naked 
type, all of which are very similar in appearance, belonging to a single variety, 
coelesta. Among the two-rowed barleys, three different varieties are distinguished, 
namely, nutans, medicum and persicum, Six out of the seven varieties listed in 
Table 1 have already been known to exist in this region, and only one form, 
persicum, which is characterized by two-rowed, black head and smooth awns, 
seems to be new to this region. 

The place of collection of these seven varieties of cultivated barley and also 
the two varieties of H. spontaneum is shown in Fig. 1. The map indicates that 
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Fig. 1. Loeality map of varieties of H. spontaneum and cultivated barley 


six-rowed, covered forms, especially var. hybernum, are distributed all over the 
region, while naked barley is confined to central Kashmir and the highlands around 
Kabul, Afghanistan. Two-rowed form occurs most frequently in Iran, but is rare 
in Afghanistan. Such a geographical regularity in varietal distribution has already 
been shown by FREISLEBEN. 

As listed in Table 1, ten varieties besides these have been found by the Russian 
and German expeditions in this region. Eight of them are those having some of 
the possible combinations of the same kinds of the major taxonomic characters as 
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possessed by the seven varieties collected by KUSE, and they seem to occur more 
or less commonly in this and its neighboring regions. However, two others are 
very curious in appearance and probably of no practical use. One is afghanicum 
Vav. which is characterized by a bracteate leaf at each ear-triplet, and the other 
sublatiglumatum KoOrN., a wide-glumed, six-rowed, naked form. Vavitov and 
BuKINICH have pointed out that both might have arisen by mutation in the fairly 
recent past. It is now known that similar spontaneous and/or artificial mutations, 
especially of the latter type, have occurred fairly frequently (Miyake and Imal 
1922, TAKAHASHI et al. 1953, ScHoLz u. LEHMANN 1958). 

In the following the results of observation or measurement of several minor 
characters will be further presented, which may be of some use for disclosing 
characteristics of the barley distribution in this region, As is indicated in Table 
1, Afghan and Iranian barleys are mostly long-awned forms, and so far as is known, 
include only one short-awned variety that was identified by FREISLEBEN as brachya- 
therum KOrwn., although its awn texture was different from the original description 
by KOrnickeE. On the contrary, variation in barbing of awns is rather striking. 
In some strains awns are quite smooth on almost their whole length excepting 
their tips, but in several others fine teeth are distributed sparsely along both edges, 
but not on the basal part of the middle ridge of the awns. There are also a 
number of forms with slightly rough to medium rough awns. Moreover, some 
strains from North Afghanistan have considerably broad, coarse awns. It may be 
of some interest to note that Nepalese and Tibetan barleys are exclusively rough- 
awned ones, but are multifarious regarding shape and length of lemma appendages, 
which conditions are in sharp contrast to those recognized in KUSE barley 
materials. 

Similarly, a wide variation is recognizable with regard to barbing of lemma 
veins, in spite of the fact that no close correlation seems to exist between the 
barbing of the awn and that of lemma veins. Some are quite smooth, some are 
very rough, and others intergrade between these two extremes, with semi-smooth 
to slightly rough types predominant. 

A glance at Table 1 reveals that KUSE barleys are rather uniform regarding 
ear density, because almost all of them are of the lax-eared type. However, the 
length of the rachis internodes of these lax-eared forms vary widely from 3.1 to 
4.4mm, and there are a number of strains with extremely long internodes which 
are rarely found in other parts of the world. FREISLEBEN has pointed out that the 
same characteristic was found among North Indian (Pakistani) barleys. According 
to him, the extremity of this kind was a form, named as forma chitralicum on 
its place of origin, which had as long a rachis internode as 10~16mm. This aberrant 
form looks very similar to a mutant form called “accordion rachis” (HARLAN 
1956). It is also stated in his report that DHE has collected some samples of the 
very dense-eared forms mostly as admixture with other ear types from South 
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Afghanistan and Iran. No specimen as such was found by KUSE, however. 

Blue pigmentation in the aleuron layer of the barley kernel is a characteristic 
rather common in the world, though its frequency of occurrence varies considerably 
with plant types and geographical regions. Generally speaking, blue kernel is not 
so frequently met with in naked forms as in covered forms. A few naked 
strains from Charikar, Afghanistan and also from Kashmir appear to have kernels 
of a faintly bluish shade, but no plant type with typical, deeply pigmented kernels 
like var. himalayense Rittic. is involved in the KUSE collection, whereas the 
latter form has frequently been found by foreign expeditions in the same regions. 
About one half of the covered barleys from Iran are characterized by blue aleuron, 
some being colored rather deeply, some moderately, and some others so faintly 
that the existence of anthocyanin in the aleuron layer can only be detected by 
staining a kernel section with diluted hydrochloric acid. On the other hand, 
Afghan covered barleys are all of white aleuron. 

Presence of anthocyanin in various plant parts other than the aleuron layer 
results in reddish, but not blue, pigmentation. The majority of the barley strains 
in this region are colored in awn tips, lemma veins, auricles of the leaves, basal 
leaf-sheaths, etc. It was found, however, that several specimens lack pigment in 
any parts of their plant. Such a colorless form is rather rare, although it is 
known to occur frequently among Japanese naked barleys and Abyssinian covered 
barleys. 

As was expected from the previous investigations (FREISLEBEN 1940, TAKAHASHI 
1955), two rachilla types, long-haired and short-haired, are found to be differen- 
tiated among our materials. However, the short-haired type is less frequent than 
expected, and all the specimens from Iran are wholly of the long-haired type. 

One of the writers (TAKAHASHI 1955) has pointed out the following geographical 
regularity of distribution of hairy and hairless conditions of leaf-sheath. With a 
few exceptions naked barleys are glabrous. In the covered barley, on the other 
hand, the relative frequency of hairy varieties is very high in southern Japan, and 
it decreases to some extent in southern Korea and China Proper, but westwards 
from there it becomes far lower, although hairy varieties are again frequently met 
with among the European winter barleys. Just as is expected from the above 
statement, almost all of the KUSE barleys are characterized by glabrous sheath, 
with only one exception which was collected in Kabul, Afghanistan. 


Physiological characteristics 


1. Genotype analysis of cultivated forms for brittleness of rachises 
Brittleness of rachises is one of the most important characteristics that differ- 
entiate the wild barleys from the cultivated forms. The brittle condition of 
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rachises is known to be due to the presence of two complementary genes, Bt and 
Bt,, while either or both of the recessive genes allelic to Bt and Bf, are responsible 
for the tough condition. It is expected therefore that among the cultivated barleys 
there are three kinds of genotypes, namely, BtBtbt.bt, or type E, btbtBt,Bt, or 
type W and btbtbi,bt, or type we, although the last type is very rare probably 
because of close linkage of 5¢ and bt, genes (TAKAHASHI e? al. 1964). 

Genotype analysis of all the cultivated forms was made in the following way: 
Each of the strains was crossed with two kinds of the known genotype analysers, 
one with genic constitution BtBtbt,bt, (type E) and the other with btbtBt,Bt, (type 
W). The resulting two kinds of hybrids, which may be expressed as F,(E) and 
F,(W), were grown in the field, and the brittleness or toughness of their rachises 
was tested at their maturity. This test enabled us to determine the genotypic 
constitution of each strain, because if F,(W) is tough and F,(E) brittle, the strain 
must be type W, if the relation is the reverse it must be type E, while type we 
strain must give no brittle F, hybrids. 

As shown in Appended Table 3, the results indicate that the many of the 
strains are type E, and only eight are type W. No type we was found. Among 
the strains of type W six are two-rowed form. Six-rowed strains are mostly 
type E and only two are type W, one from Quetta and the other from Kabul. 


2. Post-harvest dormancy of wild barley seed 

Delayed germination after harvest or post-harvest dormancy is rather common 
in cereal seeds, and it is more pronounced in wild relatives than in the cultivated 
forms. A preliminary experiment was made to compare the degree of post-harvest 
dormancy of all the strains of H. murinum and H. spontaneum collected by KUSE. 
About one and a half months after harvest 50 seeds of each strain were taken and 
placed on moistened filter paper set in a Petri dish of 9cm in diameter. Two of 
these make up a set. Germination temperature was adjusted as 30°C but often 
rose higher especially in day time. The final count of the germinated seeds was 
made 35 days after sowing. A summarized results are given in Table 2. 


Table 2. Germination percentage of the seeds of H. murinum and H. spontaneum 
about one and a half months after harvest 


| Upper limit of the germination percentage 








iM an Coef. of 

5 10 15 20 25 30 35 40 45 50 55 60 65 | vo) variability 

J 

H. murinum | 1 2 2 1 2 1 21 ~21 1 | 28. 8 ! 0. 619 

H. spontaneum 1112 1 2 1 | 25.1 | 0,463 
H. vulgare» | 98. 0 | 





1) Saga-tairyu No. 2 
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The result explicitly indicates that, whereas a cultivated variety, Saga-tairyu 
No. 2, has completely awaken from dormancy at that time, the seeds of all the 
strains of wild species were still in a highly dormant condition. Mean germination 
percentage was only 28.8% for H. murinum and 25.1% for H. spontaneum. Their 
germination speed was mostly very slow, as only one or two seeds sprouted 
intermittently until the close of the test. The depth of dormancy seemed to be 
different to some extent among strains: some were so deep that only 5% of the 
seeds could germinated, while in some others more than half of the seeds germi- 
nated. 

According to YAMAMOTO (1950) and TAKAHASHI (1938, unpublished), the period 
of dormancy seems to be somewhat shorter in cultivated barley than in wheat. 
On the contrary, an extremely high degree of dormancy was found to be inherent 
in some of the strains of H. spontaneum. Our preliminary experiment C(unpublish- 
ed) has indicated that germinability at 30°C was not improved at all by more 
than five months’ after-ripening, though at room temperature (10~20°C) these 
seeds could germinate almost normally. It was further revealed that gibberellin 
treatment accompanied by exposure to low temperature was effective to some 
extent in forcing the germination of fresh seed of H. spontaneum, but still insuff- 
cient for the complete breaking of dormancy. 

3. Reactions to some Japanese powdery mildew races 

Studies on the reaction of barley varieties to various races of powdery mildew, 
Erysiphe graminis hordei, are of value not only for breeding resistant varieties 
but also for gaining knowledge of phylogenetic relations of cultivated barley. 
According to Hiura and Heta (1959), 940 barley varieties collected from all parts 
of the world were classified into 18 reaction groups based on their differential 
reactions to three Japanese physiological races, I, IV and IX, of barley mildew. 
The reactions of all the strains of the KUSE barley collection to powdery mildew 
were studied by inoculating with these three races I, IV and IX onto their seed- 
lings. Five plants of each strain were used for each test, and these tests were 
repeated twice in a greenhouse. In this test the following criteria were employed 
for distinguishing infection types produced on the first leaf of the seedling. 

R (resistant): No visible signs of infection, or no visible development of 

mycelium if necrotic spots present. 

M (moderately resistant): Necrotic or chlorotic spots may present, with a 

slight to moderate development of mycelium. 

S (susceptible) : Abundant mycelium and conidia formation. No necrotic spots. 

In this way the reaction of 70 barley strains of the KUSE collection to three 
different races were determined as shown in Appended Tables 2 and 3. These 
strains could be classified into 15 groups differing from one another in their reac- 
tions. It should be noted that they include none of the new reaction groups other 
than those of 18 groups that had already been found in the previous tests with 
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our world collection. One exception is strain No. 74 which was sorted as a mixed 
group, as it involved individuals exhibiting obviously different reactions to each of 
these races. Summarized results are shown in Table 3. 


Table 3. Grouping of barley strains collected by KUSE based on their differential 
reactions to three Japanese physiological races, I, [IV and IX, of barley mildew 





Reaction to races*** 
Specimen number Total 
I Iv IX 
S S S 26** 37 39 42 44 45 46 56 | 
57 60 61 70 71 75 76 77 23 
78 79 85 86 87 88 89 
Ss S M 35 36 50 53 58 67 69 84 | 8 
S S R 47 52 59 83 | 4 
M S S 27** | 1 
M S M 54 | 1 
M S R 33 55 | 2 
M M_ S ai ! 1 
M M M o7* 13* 15* 24** 30** 5 
M M R 34 1 
R S S 38 41 82 3 
R S M 66 1 
R S R 51 68 i 2 
R M R 80 81 | 2 
R R M 72 | 1 
R R R 06* 09* LS oa 16* 17* 18* 20* 21* | } 14 
22 25 28 29** 32** 65* | 
Mixed 74 1 











*— Hordeum murinum L. 
**— Hordeum spontaneum Kocu. 
*#k S—Susceptible, M-=Moderately resistant, R=Resistant. 





It is seen in this table that all the strains of H. murinum and most parts of 
H. spontaneum are highly or moderately resistant to all the races. However, two 
strains of H. spontaneum, Nos. 26 and 27, both from Kandahar, are susceptible to 
three or two races, respectively. In sharp contrast to this condition, the cultivated 
barley from Kashmir, Afghanistan and Pakistan are liable to be severely infested 
by two or three races. Only three strains from Quetta, Pakistan, are the excep- 
tions. Strain No. 25 is resistant to all races and Nos. 33 and 34 are both modera- 
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tely resistant to race I and highly resistant to race IX. On the other hand, a 
remarkably wide range of variation is exhibited by Iranian barleys regarding the 
reaction types to these three races. Rather strange and hence interesting to us in 
this connection is the fact that the KUSE collection does not include any strains 
corresponding to the reaction groups, (R to I, M to IV, S to IX) and (R to I, R 
to IV, S to IX), whereas the former group or type has been found most frequently 
among European varieties (34%) and the latter has accounted for 20% of the 
Nepalese collection of barley. 

When the same results obtained here are viewed from a somewhat different 
angle, some interesting facts or relationships may be pointed out. Namely, all but 
one naked barley strain are susceptible to all races, while three strains of the 
persicum type are all highly resistant to them. Furthermore, two-rowed barleys, 
excepting persicum type, are for the most part susceptible to all races, whereas 
H. spontaneum, a putative ancestor of two-rowed cultivated forms, are, as above 
stated, for the most part resistant to these three races. 


4. Earliness and lateness in heading time 
Relative earliness in the heading time of the KUSE barley collection was in- 
vestigated under the growing conditions at Kurashiki, southern Japan. Following 
our conventional cultural method, seeds were simultaneously sown in row in mid- 
November, 1957. The time of heading of each strain was recorded when about 80 
per cent of heads in each row of the strain had appeared from the sheaths. The 


Table 4. Time of heading of the barley strains, both cultivated and wild, 
of KUSE collection. They were sown in mid-November, 1957, 
in the field at Kurashiki, southern Japan 








a ae Heading time April May 
can : —-| Total 

Region (Type) ~~ 18-+--++ 24 26 28 30 2 4 6 8 10 12 14 16 - 
Kashmir (S=I, ID | 1 3 #41 5 
Pakistan (S=I, ID 3* 1 1 OS 
Afghanistan (S=I, ID) 1 1 2 2 3 9 

8S dL, ID 3 2 #1 1 3 3 2 15 
Iran | 

W CUI, IV) 4 4 4 2 1 15 
H. spontaneum (W) | 1 2 1 2 2 ; 9 
H. murinum (W) ! Sa Bho 18 
Control** NW EH KO IO 











* One winter-type is included. 
** NW =Nagasaki Wase-hadaka (very early), EH=Ehime Hadaka No. 2 (early) 
KO=Kobin-katagi (medium), IO=Iwate Omugi No. 3 (very late). 
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result of observation is summarized and shown in Table 4. 

It is obvious from the table that winter-type strains, both cultivated and wild, 
are somewhat later in general than spring-type ones. Average date of heading of 
Iranian cultivated, winter forms and that of H. spontaneum are as late as that of 
Iwate Omugi No. 3, one of the latest varieties of Japan, and H. murinum are 
apparently still later than above two groups. Among the spring-type strains, on 
the other hand, those originated from Kashmir are the latest, and Pakistani and 
Afghan spring barleys are somewhat earlier in general and almost in accord with 
Kobinkatagi, a mid-season variety of Japan. Iranian spring barleys seem to be 
subdivided clearly into early and late groups. Contrary to our expectation from 
the fact that these materials are originated from lower latitudinal regions, no 
strains which are very early in heading were involved. 

The heading time of cultivated barley under outdoor conditions is an integrated 
character affected by both internal and external factors. As the important inter- 
nal factors responsible for it, spring and winter habit of growth (vernalisation 
response), sensitivity of vernalised plant to short photoperiod (photoperiodic res- 
ponse) and to long photoperiod (earliness in a narrow sense) can now be stated. 
And, it has been demonstrated that, when sown outdoors in late fall under southern 
Japanese conditions, the heading time of cultivated barleys depends chiefly upon 
sensitivity to short photoperiod, but is almost indifferent to the grade of spring 
habit and also earliness in a narrow sense (TAKAHASHI and YasuDA 1957). A test 
was made to know whether these relations also held for wild barleys and further 
how far KUSE materials would be variable as regards sensitivity to short and long 
photoperiods. The materials used are all strains of wild barleys in our possession, 
including those of the KUSE collection. They were grown under 8, 12 and 24 hour 
illuminations respectively in a green house. Prior to sowing, slightly sprouted 
seeds had been exposed to low temperature (2~3°C) for vernalization, as all of 
these wild barleys were of winter habit. 

Table 5 shows mean dates of flag-leaf emergence of H. murinum and H. spon- 
taneum of the KUSE collection under 8, 12 and 24 hour photoperiods after verna- 


Table 5. A comparison of H. spontaneum and H. murinum of KUSE collection 
with regard to mean date (in May) of heading under natural condition and 
days to flag-leaf emergence under different photoperiods 


| ‘ ive 
Growing condition 





8 hr.* 








Outdoors | 24 hr.* 12 hr.* 
H. spontaneum | 6.59+3. 801 | 23. 80 +2. 028 32. 69 + 3. 837 66. 08+ 1. 485 
25. 39 +2. 473 35. 63 + 3. 559 69. 87 +2. 511 


H. murinum 11. 8444, 064 





* Grown in a green house after vernalization. 
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lization, together with mean dates of heading under outdoor conditions. This 
indicates that H. spontaneum is to some extent earlier under all four growing 
conditions than H. murinum. But, variability of the strains within each species 
in response to short and long days is rather small, and is not very different bet- 
ween the two species. It may be concluded therefore that the majority of the 
strains of H. spontaneum are less sensitive to the retarding effect of a short day 
on one hand, and more sensitive to the forcing effect of a long day than those of 
H. murinum. 

Interrelationships of two inner factors (denoted as x; and xa) with earliness 
under natural conditions CY) were studied further using the data of 54 strains of 
wild barleys including the KUSE materials. The result shown in Table 6 indicates 


Table 6. Interrelationships between heading time under outdoor condition (Y) and 
two physiological factors, responses to 12 hr. (x,) and 24hr. (x1) photoperiods 
after vernalization. 54 wild barley strains were used as material. 





Xe Y | b’ 
Response to 12 hr. Outdoors Y on x’s 
| 
x, Response to 24 hr. +0. 524** | +0. 621** | +0. 277** 
x, Response to 12 hr. | +0. 800** +0. 655** 


| 
** R= +0, 835 


that both of the inner factors, earliness in a narrow sense (x,) and photoperiodic 
response (xX:), always correlate to a considerable extent with earliness under natural 
conditions CY). However, the standard partial regression coefficients of Y on x; 
and x, suggest that photoperiodic response is a more important inner factor that 
determines the earliness of wild barleys grown under natural condition than ear- 
liness in a narrow sense. This is almost the same result as that established with 
the cultivated barleys. Conversely, therefore, earlier heading of H. spontaneum 
than H. murinum, and also lateness of these wild barleys as a whole compared 
with some of the early Japanese cultivated barleys, may be explained plausibly on 
these bases. 
5. Spring and winter habit of growth 

With good reason, wheat and barley varieties of European and American 
sources can be classified distinctly into spring and winter types. However, as was 
demonstrated by Enomoto (1929), those varieties distributed in rather warmer 
regions represent a continuous series of gradation from typical spring to extremely 
winter types. The physiological nature, generally called the grade of spring 
habit of growth, of all the barley materials, both cultivated and wild, from 
Afghanistan and its neighboring regions was determined by either or both of the 
methods described below: 1) 20 or more seeds of each strain were sown in the 
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field 9 times at intervals of 10 days from February 10 to May 20, and the critical 
time of sowing to permit normal heading was observed. 2) 20 or more plants of 
each strain were reared in a green house under 24 hour-day, and the time of head- 
ing was recorded. In both experiments a series of standard varieties of known 
grade of spring habit were grown at the same time in order to classify the strains 
being tested. The grade of spring habit thus determined was expressed by the 
conventional symbols, I, II, ...... VI, where I stands for the highest and VI for 
the lowest degree of spring habit, respectively, as given in Appended Tables 2 
and 3. 

The result indicates that all of the wild barleys, belonging to H. spontaneum 
and H. murinum are winter type, ranking IV to V. In sharp contrast to this, the 
majority of the cultivated forms, in which almost all of the two-rowed ones are 
included, are of highly spring habit, being graded as I or II, and only 16 are ranked 
III or IV. No strain of highly winter habit was found. Nine out of the 16 winter 
barleys were those collected at Kerman, Isfahan and Shahr-Kord, central Iran, and 
6 around Gorgan, Astara and Ardabil, located along the Caspian Sea coast and at 
Mashhad, northeastern Iran. This naturally suggests that in Iran barley is sown 
mostly in autumn. On the other hand, in Afghanistan and northern Pakistan, 
spring barleys only are distributed, and hence it may be supposed that spring 
growing is being chiefly practiced. According to VAviLov and Buxinicu, naked and 
covered barleys are grown as the principal crop at an altitude from 2,000 up to 
3,400 m in the mountainous regions. 

6. Genotype differentiation among spring barleys 

TAKAHASHI and Yasupa (1956), from their study on the inheritance of spring 
and winter habit with a large number of barley crosses, have drawn the following 
conclusion: At least three independent pairs of genes, designated as Shsh, Shzsh, 
and Shgsh3, are responsible for the character pair. The genes, sh, Sh, and Shs, are 
responsible for spring habit and their allelomorphs for the winter habit. In other 
words, spring habit is recessive for the first pair, but is dominant for the second 
and third pairs. Further, both of the dominant spring genes, Sk, and Shs, are 
epistatic to the dominant winter gene, Sh, of the first pair, and the recessive spring 
gene, sh, is epistatic to sh, and sh, for the winter habit. As a natural consequence 
it follows that only those plants with a genotype, Shsh.shs, are of winter habit, 
while those with the following genotypes are all spring type: 1. sh (sh.shs)-single 
recessive; 2. (Sh)Sh2(sh3) and (Shsh.)Sh3-single dominant: 3. (Sh)Sh.Sh3-double 
dominant; 4. shSh.(sh3) and sh(sh.)Sh3-digenic; 5. shSh,Shs-trigenic, where the 
gene or genes for winter habit are shown in parenthesis. 

This study was commenced to disclose genotypic variability among the spring 
barleys collected in Afghanistan and its neighboring regions, but as genotype analysis 
requires much time and labor, only 12 strains have so far been subjected to analysis 
and some of them still need further study to disclose their exact genotypic con- 
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stitutions. The accession number of the spring barleys tested and their plant types 
and origin are shown in Table 7. Eight of them are those collected by KUSE and 


Table 7. Spring barleys tested for their genetic constitutions, 
and winter barleys mated 





Spring barley tested** Winter barley mated 

No. Varietal name Locality Name Leaf-sheath 

33 coelesta ; Quetta, Pakistan Hayakiso No. 2 hairy 

35 hybernum Chaman, ao a” ao 

36 | a | a o | “a a 
H. E. 3649 | freislebenti Lyallpur, 7 Sakigake ao 

a a a “o Shimabara a 

“a t | a “o Shimabara x Mensury C* | hairless 

41 hybernum | Kabul, Afghanistan Zairai Rokkaku hairless 
Kabul 1 | a a a Hayakiso No. 2 hairy 
Kabul 3| | og L * l Ze 

45 coelesta Charikar, a : a i tp 

60 medicum | Tehran, Iran | Zairai Rokkaku hairless 

61 | a a a Hayakiso No. 2 hairy 

79 nutans | Sarab-Ardabil, 4 a a 

83 hybernum Shahpur, a Sakigake a 














* A spring variety with genotype, shshoshy. 
** All the spring barley have glabrous sheath. 


two were received from Dr. Suzuka who visited Pakistan and Afghanistan. H. E. 
3649 is one of the DHE collection, obtained at the Agricultural Experiment Station 
in Lyallpur, Pakistan. FREISLEBEN supposed that this might come from India. 
These spring barleys were each crossed with a winter barley listed in Table 7. 
About 300 F, seeds from each cross were sown, together with ten seeds of each of 
their parents and some other standard varieties, in two flats filled with garden soil, 
and the plants were reared under continuous illumination in a glass house. Records 
were taken every day on a single plant basis for time of complete emergence of 
flag-leaf, number of leaves on the main stem, and, if differentiated, presence or 
absence of hairs on leaf-sheath, and of barbs on awns. 

In this series of experiments it was possible to classify distinctly the spring 
and winter type plants, because, as illustrated in Fig. 2 as an example, frequency 
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distribution of F, plants regarding date of heading represented a completely inter- 
rupted bi-modal curve, and coincidence in heading period was recognized between 


220 






CO Fo with hairy sheath 


210 
J Fo with hairless sheath 


140 
4 —— HL. 3649 


acemmae Saki gauke 






130 


Number of plants 





16 22 «28 «6:3 9 15 21 27 
March : April 
Date of flag-leaf emergence 


Fig. 2. Date of flag-leaf emergence of the F, plants from a cross 
between H. E. 3649 and Sakigake, and of their parents, grown 
under continuous illumination in a glass house 


the early group and the spring type parent on one hand and between the late one 
and the winter type parent, on the other. Segregation of spring vs. winter types 
in F, of the 14 crosses was determined in this way, and the results were presented 
mostly in relation to hairy vs. nonhairy character segregation in Table 8 A and B. 

Let us first examine the results of the two crosses with strains Nos. 60 and 
61. In both crosses, spring type plants were apparently much less than the winter 
type. The observed counts fitted well to a one spring to three winter ratio, but 
not to other possible Mendelian ratios. A single recessive spring gene, probably 
sh, was inferred to be involved in both of the spring parents. This was verified 
by studyting the linkage of the spring gene with the gene for hairy sheath, hs, 
in the cross with strain No. 61, though not for the other cross. As seen in the 
table, excesses of the parental character combinations, namely hairless spring and 
hairy winter types are apparent. The recombination value calculated by ImMmeEr’s 


(A) Varietal groups with one spring gene. 


Table 8. Segregation of spring and winter types in F, of 13 crosses, 


and their relation to the sheath-hair character pairs 





Spring type 


Winter type 





Cross* Item Total x? P 
Hairy Hairless Hairy Hairless 
(1) Single recessive group: 
60 x Z.R. Observed 81 217 298 
| Calculated as 1:3 ratio 74.5 223.5 298 0.7561 | 0.5-0.3 
| 
61 x H. | Observed 4 56 144 11 215 
; Calculated as sh-hs 6.1% 
; of recombination 6. 23 59. 16 141. 67 7.94 215 2. 1846 0.7 -0.5 
(2) Single dominant group: 
33 x H. Observed 166 52 59 22 299 
Calculated as 9:3: 168. 19 56. 06 56. 06 18. 69 299 1.0629 § 0.5 -0.3 
35 x H. Observed 166 58 53 21 298 
Calculated as 9:3: 167. 60 55. 90 55. 90 18. 60 298 0.5543 | 0.95-0.90 
36 x H. Observed 145 71 58 24 298 | 
Calculated as 9:3: 167. 60 55. 90 55. 90 18. 60 298 8. 7730 0. 05-0. 02 
41 x ZR. Observed 201 88 289 
Calculated as 3:1 216. 75 72. 25 289 4.5779 | 0.05-0.02 
I 
Kabul 1 xH. Observed 66 17 29 9 121 
Calculated as 9:3: 68. 00 22. 60 22. 60 7. 60 121 3. 5167 0.5 -0.3 
Kabul 3x H. Observed 163 67 59 17 306 
Calculated as 9:3: 172. 00 57. 40 57. 40 19. 20 306 2. 3732 0.5 -0.3 























* Z. R. and H. stand for Zairai Rokkaku and Hayakiso No. 2, respectively. 
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Table 8. (Contuned) 


(B) Varietal groups with two or three spring genes. 


























Spring type Winter type 
Cross* Item e = Total 
Hairy Hairless 2 Meinl ||| aly Hairless 
(3) Digenic variety: 
H. E. 3649xS. G. Observed 365 125 101 7 598 
Calculated as sh-hs 11.5% of 
recombination 344, 48 141. 40 104. 02 8.10 598 
H. E, 3649xS. B. | Observed 322 130 106 8 566 | 
Calculated as sh-hs 11.3% of | 1 
recombination 325. 92 133. 96 98. 58 7. 54 566 | 
(CH. E. 3649xS. B.)| Observed 55 72 39 4 170 | 
x 

Calculated as sh-hs 11.3% of : 
M. C. cecombinaticn 47. 30 80. 20 37. 70 4. 80 170 | 
(4) Double dominant or trigenic group: | 
45 x H. Observed 120 37 7 1 {| 165 | 
Calculated as 45:15:3:1 116. 02 38. 67 10. 31 165 
Calc. as sh-hs 6.4% of recomb.| 116. 33 40. 93 7. 74 165 
79 x H. Observed 201 69 15 5 290 | 
Calculated as 45:15:3:1 203. 91 67. 97 | 13. 59 4. 53 290 | 
Calc. as sh-hs 6.4% of recomb.| 204. 47 71.94 | 13.03 0. 56 290 | 
83 x SG. Observed 281 20 301 
Calculated as 15:1 282. 19 18. 81 | 301 
Calculated as 61:3 286. 86 14. 11 301 | 


* 3G, S. B., i. and M. C. stand for Sakigake, Shimabara, Hayakiso ‘No. 2 and Messury.¢ C, “peapectively: 


3. 3615 


0. 7508 


2. 2700 


0. 7262 
0. 5019 


0. 2522 
(35. 6797) 


0. 0803 
2. 5796 





‘ 


0.5 -0.3 


0.9 -0.8 


0.7 -0.5 


0.7 -0.5 
0.8 -0.7 


0. 98-0. 95 
(<0. 01) 


0.8 -0.7 
0.2 -0.1 
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product method was 6.1%, which closely approximated the value, 6.4%, found 
often in other previous experiments. 

The following six strains, all originated from Pakistan and Afghanistan, seem 
to form a group with a common genotype for their spring habit: namely, strains 
33, 35, 36, 41, Kabul 1 and 3. In the F, of the six crosses with these spring 
barleys, spring and winter types segregated in a 3:1 ratio. The observed number 
of the two types in these six crosses fitted well to the calculated ratio on the basis 
of a single dominant gene for the spring habit, but not to a 13:3 segregation 
ratio. No sign of linkage between spring vs. winter habit and sheath hair 
character pair was exhibited. Therefore, the genotype involved in these strains 
may be either (Sh)Sh2(shs) or (Shshyz)Shs. 

The third genotype was represented by H. E. 3649. In the Fy’s of the two 
crosses, one with Sakigake and the other with Shimabara, spring and winter types 
segregated in a 13:3 ratio, indicating one dominant and one recessive spring genes 
having been involved in the crosses. And, the data for the inter-relation of spring 
vs. winter habit and hairy vs. non-hairy character pairs, shown in Table 8 B, 
suggested linkage of the genes for the characters. The recombination value 
calculated on the assumption of linkage between the recessive spring gene and 
non-hairy sheath gene was found to be 11.5 and 11.3%. Whether the recessive 
spring gene in H. E, 3649 be identical with sh in Mensury C was tested by a 
triple cross, F, (H. E. 3649xShimabara) x Mensury C. Segregation of spring and 
winter types in the cross was occurred in a 3:1 ratio, but not in a 1:1 ratio, 
which indicated obviously that H. E. 3649 involved the same recessive gene as in 
Mensury C. It was further established that the dominant spring gene, Sh, in 
the same strain was located at a distance of 13.07% from the gene Rr for rough 
vs. smooth awn and on the opposite side of Ss for long vs. short-haired rachilla, 
all being on chromosome 7. The detailed data will be presented in another paper. 

Finally, the results of the remaining three crosses with Nos. 45, 79 and 83 
will be stated. As seen in Table 8 B, the winter type plants segregated in these 
were much less than the spring type ones, which was presumably due to at least 
two dominant spring genes being involved. The agreement of these data with 
the expected 15:1 ratio was good. However, there is another posibility that one 
more recessive spring genes sh may be involved, for the segregation ratio of 
spring and winter types on this basis will! be 61:3, which is close to a ratio of 
15:1. In fact, the observed frequencies of spring and winter types in the two 
crosses with Nos. 45 and 83 fitted well to the calculated values on this basis, 
though in the cross with No. 79 its agreement with the expected ratio seemed to 
be bad. It may therefore be concluded that No. 79 involves two dominant spring 
genes, Sh, and Shs. But as for two other strains, Nos. 45 and 83, final decision 
of their genotypic constitution requires the Fs test of the winter type segregants 
in F, generation. 
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Discussion 


It is sure that a large number of characteristics or genes involved in cultivat- 
ed barley have newly arisen independently one after another under cultivation on 
different occasions and in different places. From this, we may think that the 
geographical distribution of these genes may be haphazard. Despite this, an 
extensive study by VaviLov (1926) has revealed a geographical regularity in their 
distribution, which has led him to a hypothesis that cultivated barley now grown 
in the world might have been derived from two gene centers, one in Abyssinia 
and Erythrea and the other in south-eastern Asia. Based chiefly on the study of 
DHE materials, FREISLEBEN (1940 a, b) has inferred that six-rowed wild barley 
was first domesticated somewhere in East Asia and the descendants had gradually 
spread all over the Old World. Entering in the regions west of Afghanistan, 
natural crosses with H. spontaneum had occurred frequently, resulting in two- 
rowed cultivated forms and some others, which had spread further westwards and 
southwards. TAKAHASHI has accumulated further knowledge about the gene or 
character distribution. According to him (1955), barleys found in the “ Oriental” 
region, including northern Nepal, Tibet, China Proper, southern parts of Korea 
and Japan, have characteristics or genes quite different from those possessed by 
barleys in the remaining parts of the Old World or “Occidental” region. The 
genes and characters confined to the respective regions are given in Table 9. 

It is also notable that the Oriental barleys wholly consist of the six-rowed 
form with a gene, bf,, for tough rachis, and that naked kernel commonly occurs 


Table 9. Genes and characters confined to the respective regions 

















Oriental region Occidental region 
Gene | Character : | Gene | Character 
lr | reduced lateral awns | Vv, va two-row 
lk short, fine awn | M's resistant to midew race 1 
K, Ke hooded awn bt tough rachis 
wx glutinous endosperm | s | short-haired rachilla 
uz uzu or semi-brachytic growth | r smooth awn 
| sh | spring habit 
| e | wide glume 
| vi | deficiens 
| lab | irregular head 
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in the O.iental region, but is far less frequent in the Occidental region. 

When we regard the results of this investigation in the light of the above 
facts, it is possible to consider that the whole region where KUSE has explored 
may be within the limits of the Occidental barley region, because, barleys in this 
region involve some genes characterizing the Occidental barley, such as V, Bt, s, 
vr, sh, etc., but not any one of those endemic to the Orviental region. However, 
we should realize that this explains only the barest outline of the situation, and 
hence a closer examination of the results is necessary. 

First, it is noticed that barley strains from Kashmir, Pakistan and northern 
Afghanistan chiefly consist of six-rowed barleys of type E, which are susceptible 
to mildew races I and IV. Spring barleys there seem to be mostly single domi- 
nant type CShSh.sh;). Moreover, naked barleys are fairly frequently met with. 
Since these characteristics or genotypes are very common among Oriental barleys, 
but are not so frequently found in the Occidental region, we cannot exclude the 
possibility that most of them might have been introduced into these regions from 
the East. However, at least four out of the eight strains from Kabul, Afghanistan 
and Quetta, Pakistan, are apparently exceptions. They are characterized by two- 
rowed head, resistance to mildew races I and IV, 5¢ gene for non-brittleness of 
rachis, and short-haired rachilla, all of which are the characteristics of the 
Occidental type. It is dificult to ascertain whether these latter are endemic to 
these regions or have recently come from the West. 

The situation for Iranian barleys is somewhat different from the above. 
Not a few two-rowed forms occur in this region. Some are resistant to mildew 
races, I and IV, as well as IX. There are also some forms of type W. Thus, 
more than half of Iranian barleys are possessed of some of the characteristics 
endemic to the Occidental type, and in this sense Iran may possibly be included in 
Occidental barley region. 

However, the above statement does not necessarily imply that barley forms 
in these regions are similar to those found in other parts of the Occidental region. 
On the contrary, considerable differences are recognizable with respect to geno- 
typic constitutions and especially frequencies of the genes endemic to the Occiden- 
tal region. It is first pointed out that two-rowed forms are only one fifth of the 
samples collected in this region, whereas more than two thirds of the barley 
samples from Turkey, Europe and the other regions are of this type. Similarly, 
barley strains of type W and those with short-haired rachilla are far smaller in 
number than they are in the other parts of the Occidental region: Most of the 
six-rowed strains and one half of the two-rowed ones of the KUSE collection are 
type E, and not a single form with short-haired rachilla is included among Iranian 
barleys. 

Reactions to Japanese mildew races, I, IV and IX, seem to present a charac- 
teristic feature of the barley strains, cultivated and wild, distributed in Iran and 
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Table 10. Frequency of susceptible, moderately resistant and highly resistant varieties or 
strains to three Japanese physiological races of powdery mildew in different regions 











| Race I Race IV Race IX 
Material — | wert ee noe nea 
| s* M R | § MR li. S MR 
KUSE cultivated vars. | 71 8 21 | 9 6 4 i 52 23 25 
Japanese & Chinese | 
vars.| 915 6 25 | 96 570 
European varieties 23 31 46 | 40 80 17 3 
| 





* S=Susceptible, M=Moderately resistant, R= =Highly resistant. 


its neighboring regions. As shown in Table 10, more than 90 per cent of the bar- 
ley varieties from southern Japan and China Proper (Oriental type) are susceptible 
to races I and IV, but 57 per cent of them are moderately resistant to race IX. In 
contrast, the majority of the barleys from Europe (Occidental type) are highly or 
moderately resistant to races, I and IV, but as many as 80 per cent of them are 
susceptible to race IX. It is of interest to note that as high as 25 per cent of the 
cultivated forms of the KUSE collection are resistant to race IX, although they 
are similar to the Oriental barleys in their reaction to race IV and between 
Oriental and Occidental ones regarding the reaction to race I. 

Diversity of the genes or genotypes related to some physiological characters 
may constitute another feature of KUSE barleys. As shown in Table 3, 49 strains 
of cultivated forms are differentiated into as many as 11 reaction groups which 
represent most of 18 groups that have been found in the test with more than 
1,000 barley samples randomly taken from the world-wide collection of our in- 
stitute. It is also noteworthy that this region is rich in genes or genotypes for 
spring habit. All kinds of spring genes, such as sh, Sh, and Shs, were shown to 
exist. Also, four or more types of spring barleys differing in combination of these 
genes were demonstrated to be present in this region, although the genotype 
analysis has not yet been completed. 

The physiological difference between H. spontaneum and the cultivated forms 
distributed in the same region may deserve a brief mention. Two-rowed cultivat- 
ed barleys in this and other parts of the world are mostly of spring habit, while 
no spring type strains have ever been found in H. spontaneum. Moreover, as 
shown in Table 3, the strains of H. spontaneum are mostly resistant to the three 
Japanese races of barley mildew and are classified into five reaction groups 
different from those of the cultivated forms. 

These facts appear to be of some interest from the view point of phylogeny 
and the geographical differentiation of cultivated barley. But, as these alone are 
still insufficient for the consideration of these problems, we would like to postpone 
the question until further information can be accumulated. 
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Summary 


Kyoto University Scientific Expedition (KUSE) made a botanical survey of 
Iran, North Afghanistan and a part of Pakistan and Kashmir, and collected 49 
samples of cultivated barley and 21 samples of wild barleys, including Hordeum 
spontaneum Kocu and H. murinum L. Their morphological, physiological and 
genetical characteristics are described in this paper. 

As pointed out by Vavitov and Buxinicu (1929), the cultivated barleys in 
these regions are not very diversified and only seven botanical varieties have been 
distinguished among them. Geographical distribution of the varieties of these 
cultivated barleys and AH. spontaneum were as shown in Fig. 1. Since it was 
found that the cultivated barleys involved several kinds of the genes or character- 
istics peculiar to “Occidental type of barley”, such as two-rowed head, short- 
haired rachilla, smooth awn, a recessive gene for spring habit, or b¢ gene for 
tough rachis, etc., but no single one of those peculiar to “Oriental type”, it could 
be stated that the whole region where KUSE explored was within the Occidental 
barley region. However, these specific genes occurred in these regions considerably 
less frequently than in other parts of the Occidental region. The regions east of 
Afghanistan, inclusive, in particular, were chiefly occupied by such barley forms 
as are rather common in the Oriental but not in the Occidental region. It was 
also noticed that these regions were rich in the genotypes for spring habit and 
also those resistant to Japanese physiological races of mildew. These facts may 
suggest the co-existence of both regional barley types in these regions. 

It was found that H. spontaneum and H. murinum were less variable than 
the cultivated form regarding various morphological and physiological character- 
istics. They are all winter type, late in heading, and resistant to Japanese mildew 
races, I, IV and IX. Their post-harvest dormancy of seed was remarkable. There 
was also little similarity in these physiological characteristics even with two- 
rowed cultivated barleys found in the same region. 
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Appended Table 1. An abstract from Mansreip’s morphological system of cultivated barley, 
for indicating characteristics of the varieties found in and around Afghanistan 


I. Convar. hexastichon ALEF. s.1. Many-rowed barley 
la. Kernel covered 
2a. Ear lax, rachis-internode longer than 2.8 mm 
3a. Empty glume narrow, breadth less than 1mm 
4a. Ear yellow 
5a. Awn rough, long 
6a, Ear with a bracteate leaf under each of middle spikelet 
1. var. afghanicum Vav. 
6b. Ear without bracteate leaf 
2. var. hybernum Vis. (pallidum Cfr.) 
5b. Awn smooth, long 
3. var. rikotense Reaen 


4b. Ear bluish-grey, awn rough, long 
4. var. coerulescens SER. 
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Appended Table 1 (Continued) 





4c. Ear black to black-grey 
5a. Awn rough, yellow 
5. var. nigripallidum R. ReaEu 
5b. Awn rough, black 
6. var. nigrum (Witip.) Link 
2b. Ear medium dense, rachis-internode 2.2 mm-2.8 mm, empty glume narrow, ear yellow, 
awn long and rough 
7. var. parallelum KOrn. 
2c. Ear very dense, rachis-internode less than 2.2mm, empty glume narrow, ear yellow 
3a. Awn long, rough 


8. var. densum SER. (pyramidatum Korn.) 
3b. Awn long, smooth 


9. var. glabripyramidatum Vav. 
3c. Awn shorter than ear length, soft, thin, rough 
10. var. brachyatherum Korn. 
1b. Kernel naked 
2a. Ear lax, rachis-internode longer than 2.8 mm 
3a. Empty glume narrow, less than 1mm 
4a. Ear yellow, awn rough, long 
5a. Kernel yellow to dark yellow 
11. var. coelesta L. 
5b. Kernel blue-green 
12. var. himalayense (RitT.) KOrn. 
3b. Empty glume wide, ear yellow, awn rough, long, kernel yellow 
13. var. sublatiglumatum KOrn. 
II. Convar. distichon Auer. Two-rowed barley 
la. Kernel covered 
2a. Ear lax, rachis-internode longer than 2.8mm 
3a. Empty glume narrow, breadth less than 1mm 
4a. Ear yellow 
5a. Awn rough, long 
14. var. nutans (RoDE) ALEF. 
5b. Awn smooth 
15. var. medicum KOrn. 
4b. Ear black 
5a. Awn black, rough 
16. var. nigricans SER. 
5b. Awn black, smooth 
17. var. persicum KOrn. 
lb. Kernel naked 
2b. Ear lax, empty glume narrow, ear yellow, awn rough, long 


18. var. nudum (L.) Auer. 
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Wild and cultivated oats in southwestern Asia” 


Ichizo NISHIYAMA and Tei TERAMURA 


Laboratory of Genetics, Faculty of Agriculture, Kyoto University, Kyoto, Japan 


It is generally accepted that the hexaploid species of Avena including culti- 
vated oats have their origin in southwestern Asia or Asia Minor (MALZEW 1930). 
New information concerning Avena species in this area is valuable for the study 
of the phylogeny and genetics of oats. 

In 1955, seed samples of Avena were collected in the area from Karakoram to 
Hindukush by the members of the Kyoto University Scientific Expedition (directed 
by Dr. H. Ktnara). The collection has been maintained in Kyoto University as 
a gene source for the genetic study and breeding of oats. The morphology and 
classification of this material are described in this paper. 

Classification of Avena has been attempted by many authors and _ several 
taxonomic schemes are now available (THEtLunc 1911, Trasut 1914, Zape 1918, 
Matzew 1930, STANTON 1955). Matzew (1930) made an extensive study on the 
phylogenetic and taxonomic relationships between wild and cultivated plants of 
the section Euavena on the basis of morphological characters and geographical 
distribution with little consideration of polyploidy. Cultivated forms, hulled and 
naked, are included by him as subspecies or proles into a wild species from which 
they might have been derived. His taxonomic scheme is still supported by a few 
investigators. In the present work a modification of MALZEw’s system was adopt- 
ed for the classification as shown in Table 1, because it was desirable for this 
study to accept most of the species names recognized by the majority of previous 
investigators. 


Classification and characteristics of the collected material 


The number of seed samples of Avena is as follows: 


Samples collected Samples studied 
Pakistan 4 2 
Afghanistan 4 3 
Iran 11 11 


1) Cytogenetic studies in Avena, XIV, published in Seiken Zihé. 16: 15-20, 1964. 
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Table 1. List of the corresponding species names used by 
the present authors and MAuzew (1930) 


NISHIYAMA and TERAMURA 





Matzew (1930) 





. fatua L. 

subsp. septentrionalis Mauz. 

subsp. meridionalis Maz. 

subsp. fatua (L.) THELL. 

subsp. cultiformis Maz. 

. sterilis L. 

subsp. trichophylla (C. KocH) Matz. 


subsp. macrocarpa (MONcH) Brig. 


subsp. Iudoviciana (Dur.) GILL. ef Mac. 


. sativa L. 

subsp. nodipilosa (Mauz.) 
subsp. macrantha CHACKEL) 
subsp. sativa (L.) 

subsp. praegravis (KRAUSE) 

. byzantina C. Kocu 

subsp. nodipubescens (MALz.) 
subsp. byzantina (C. Kocn) 
subsp. pseudo-sativa (THELL.) 
. nuda L. 


subsp. decorticata (MALz.) 


subsp. nuda (L.) 


subsp. chinensis (FIiscu.) 


subsp. grandiuscula (MAuz.) 





. fatua L. 


subsp. septentrionalis MA.z. 
subsp. meridionalis Matz. 
subsp. fatua (L.) THELL. 


subsp. cultiformis Matz. 


. Sterilis L. 


subsp. trichophylla (C. Kocw) Matz. 
subsp. macrocarpa (MOncH) Bria. 


subsp. ludoviciana (Dur.) Git. et Mac. 


. fatua L. 


subsp. nodipilosa Mauz. 
subsp. macrantha CHacKEL) MAL.z. 
subsp. sativa (L.) Matz. 


subsp. praegravis (KRAUSE) MAtz. 


. sterilis L. 


subsp. nodipubescens Matz. 
subsp. byzantina (C. Kocn) Matz. 


subsp. pseudo-sativa (THELL.) MAtz. 


. fatua L. 


subsp. nodipilosa Matz. prol. decorticata 
MALz. 


subsp. macrantha (HackeL) Matz. prol. 
nudata Mauz, 


subsp. sativa (L.) Matz. prol. chinensis 
(Fiscx.) Mavz. 


subsp. praegravis (Krause) MAtz. prol. 
grandiuscula MAuz. 


. stertlis L. 


subsp. byzantina (C. Kocu) Matz. prol. 
denudata (Hausskn.) Matz. 
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Cytological observations showed that the meiosis was normal in all the plants 
showing 21 bivalent chromosomes at the first metaphase, except in Stock No. 1081 
with occasional two or four univalents and in Stock No. 1085 with 21 bivalents 
plus a chromosome fragment. The seed fertility was also good in all the plants. 

The material was classified into three different species, Avena fatua, A. sativa 
and A. sterilis, and further into their subspecies or varieties as given in Table 2. 

The descriptions of most plant characters were made after the standards used 
by STANTON (1955). The standards of classification used for some characteristics 
are given in the following: 

Length of culm: (1) short (50cm or less), (2) medium (51~100cm) and (3) 


Table 2. List of the Avena plants collected in Pakistan, Afghanistan and Iran 











Species and variety Stock | Collect. No. | Locality 
hs K cece = Den) Tanke AE AS teed oon: 
Avena fatua subsp. septentrionalis var. valde- | 1075 | K6- 6-1 | Ghazni, Afghanistan 
pilosa Mauz. : 
Avena fatua subsp. fatua var. pilosissima S. | 1074 | K5-27- 5 | Quetta, Pakistan 
F. Gray 
4 1077 | K6-28- la | Isfahan, Iran 
4 1078 | K6-28- 1b. * 
! 
a 1079 | K6-28-11 | 7% a 
4 1085 | K7- 1- 3d | Gorgan, s 
“a | 1086 | K7-19- 8 | % 4 
4 | 1087 | K7-28-14 | Tabriz, + 
' | i 
4 | lo92 | K7-24-11 | Pahlavi, + 
Avena fatua subsp. fatua var. intermedia ' 1091 | NS- 8-21 | Minapin, Pakistan 
(Les.) Le). et Court. 
Avena sativa subsp. nodipilosa var. glabra 1088 | Y6-26- 2 Pul-i-Khumri, Afghanistan 
(Matz.) 
Avena sativa subsp. sativa var. glaberrima 1090 | Y7- 9 1 | Mashhad, Iran 
(THELL.) 
i ! 
Avena sterilis subsp. trichophylla var. 1083 | Y7- 7- 3a | Gorgan, a 
setigera Matz. | 
b 1084 | K7- 8-1 a Lt 
Avena sterilis subsp. Iludoviciana var. typica | 1081 | K7- 3- 2a | Elburz, a 


Matz. 











t | 1089 | Y6-30- 3 | Maimana, = Afghanistan 
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long (101 cm or more) 

Thickness of culm: (1) thin (0.5cm or less), (2) medium (0.6~1.0cm), and (3) 
thick (1.lcm or more) 

Length of leaf blade: (1) short (20cm or less), (2) medium (21~40cm), and 
(3) long (41cm or more) 

Width of leaf blade: (1) narrow (1.0cm or less), (2) medium (1.1~2.0cm), and 
(3) wide (2.1cm or more) 

Date of first heading: (1) early (mid-May or earlier), (2) medium (late May), 
and (3) late (early June or later) 

Date of maturity: (1) early (mid-June or earlier), (2) medium (late June), and 
(3) late (early July or later) 

Length of panicle: (1) short (20cm or less), (2) medium (21~40cm), and (3) 
long (41cm or more) 

Length of empty glume: (1) short (2.5cm or less), (2) medium (2.6~3.0 cm), 
and (3) long (3.1cm or more) 

Width of empty glume: (1) narrow (ca. 0.6cm), medium (ca. 0.8cm), and wide 
(ca. 1.0cm) 

Length of floret: (1) short (20cm or less), (2) medium (2.1~2.5cm), and (3) 
long (2.6cm or more) 

Length of awn: (1) short (0.6 to 2.0cm), (2) medium (2.1~4.0cm), and (3) long 
(4.1cm or more) 

Length of hairs on lemma and rachilla segment: (1) short (ce. 01cm), (2) 
medium (ca. 0.3cm), and (3) long (ca. 0.5 cm) 

Length of scars (callus): (1) short (ca. 0.1cm), (2) medium (ca. 0.2cm), and 
(3) long (ca. 0.3 cm) 

Length of caryopsis: (1) short (ca. 0.7cm), (2) medium (ca. 10cm), and (3) 
long (ca, 1.3 cm) 

Thickness of caryopsis: (1) thin (ca, 01cm), (2) medium (ca. 0.2cm), and (3) 
thick (ca. 0.3 cm) 

Length of rachilla segment: (1) short (ca. 0.1cm), (2) medium (ca. 0.3cm), (3) 
long (ca. 0.5cm), and (4) extra-long (ca. 0.7 cm or more) 


1. Avena fatua subsp. septentrionalis var. valdepilosa MALZEW 


Stock No. 1075, collected in Afghanistan. 

Juvenile growth erect; culms 2 to 8, medium-long (86 to 90cm), thin (0.4 to 
0.5cm), stiff; nodes green, densely hairy; leaves medium-long (27 to 37cm), 
medium-wide (1.2 to 15cm), sparsely hairy, liguled; first heading early (mid-May), 
maturity early (mid-June); panicles medium-long (21 to 23cm), equilateral, rachis 
nodes 5 to 8, branches drooping; spikelets 2- to rarely 3-flowered, both spikelets 
and florets separating by disarticulation of pedicels and the second (and third) 
floret rachilla segments, respectively (fatua-type) ; empty glumes short to medium- 
long (2.1 to 2.6cm), medium-wide (ca. 0.8cm); first florets short (1.6 to 2.0cm), 
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slender ; lemmas gray, apical parts 2-toothed, dorsal parts glabrous, awned [medium 
to long (2.5 to 4.5cm) and geniculate awns], basal parts hairy [numerous and 
medium-long (ca. 0.3cm) hairs]; scars medium-long (ca. 0.3cm), round; paleas 
gray, tight; caryopses medium-long (ca. 1.0cm), slender, thin (ca. 0.1 cm), hulled; 
second floret rachilla segments medium-long (ca. 0.3cm), hairy [long (ca. 0.5cm) 
hairs]. 


2. Avena fatua subsp. fatua var. pilosissima S. F. Gray 

The eight samples, Stock Nos. 1074, 1077, 1078, 1079, 1085, 1086, 1087, and 
1092, were similar to Stock No. 1075, except for the following characters. 

Culms medium to long (86 to 145cm), thin to medium (0.4 to 0.9cm); nodes 
glabrous ; leaves medium to wide (1.2 to 2.2cm); first heading early to medium 
(mid-May to late May), maturity early to medium (mid-June to late June); 
panicles medium to long (27 to 47cm), lemmas dark-brown, dorsal parts hairy 
[numerous and long (ca. 0.5cm) hairs]; paleas dark-brown. 


3. Avena fatua subsp. fatua var. intermedia (Les.) LEJEUNE ef CourRTOIS 

Stock No. 1091, collected in Pakistan, was similar to the strains mentioned 
above, except for the following characters. 

Leaves long (47 to 54cm); first heading late (early June), maturity late 
(early July); lemmas whitish-gray, dorsal parts hairy [a few and medium-long 
(ca. 0.3cm) hairs], basal parts hairy [numerous and short (ca. 0.1cm) hairs] ; 
paleas whitish-gray ; second lemmas dorsal parts glabrous. 


4. Avena sativa subsp. nodipilosa var. glabra (MALz.) 

Stock No. 1088, collected in Afghanistan. 

Juvenile growth erect; culms 3 to 4, medium to long (94 to 104cm), medium- 
sized (0.6 to 0.8cm), stiff; nodes green, sparsely hairy; leaves medium-long (31 
to 39cm), medium-wide (1.2 to 1.8cm), sparsely hairy, liguled; first heading early 
(mid-May), maturity early (mid-June); panicles medium-long (23 to 39cm), equi- 
lateral, rachis nodes 5 to 7, branches erect; spikelets 2- to rarely 3-flowered, both 
spikelets and florets separating by fracture of pedicels and the second (and third) 
floret rachilla segments, respectively (sativa-type) ; empty glumes short to medium 
(2.1 to 26cm), medium-wide (ca. 0.8cm); first florets short (1.6 to 18cm), 
slender; lemmas whitish-gray, apical parts 2-toothed, dorsal parts glabrous, 
awnless, basal parts glabrous; paleas whitish-gray, tight; caryopses medium-long 
(ca. 10cm), slender, thin (ca. 0.1cm), hulled; second floret rachilla segments 
medium-long (ca. 0.3cm), glabrous. 


5. Avena sativa subsp. sativa var. glaberrima (THELL.) 

Stock No. 1090, collected in Iran, was similar to stock No. 1088, except for 
the following characters. 

Culms medium-long (73 to 97 cm); nodes glabrous; first florets medium-plump : 
caryopses medium-plump, medium-sized (ca. 0.2 cm). 
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6. Avena sterilis subsp. trichophylla var. setigera MALZEW 


Stock Nos. 1083 and 1084. 

Juvenile growth erect; culms 3 to 8, long (101 to 133cm), medium-sized (0.6 
to 0.7cm), stiff; nodes green, densely (Stock No. 1083) or sparsely (Stock No. 
1084) hairy; leaves medium to long (27 to 42cm), medium-wide (1.2 to 18cm), 
sparsely hairy, liguled; first heading early (mid-May), maturity early (mid-June) ; 
panicles medium-long (25 to 3lcm), equilateral, rachis nodes 5 to 7, branches 
spreading ; spikelets 2- to rarely 3-flowered, separating by disarticulation of pedicels 
(sterilis-type); empty glumes short to medium (2.2 to 2.8cm), medium-wide 
(ea. 0.8cm); first florets short to medium (1.8 to 2.2cm), medium-plump; lemmas 
dark-brown (Stock No. 1083) or whitish-gray (Stock No. 1084), apical parts 2- 
toothed, dorsal parts hairy [numerous and long (ca. 0.5cm) hairs], awned [med- 
ium to long (3.0 to 5.5cm) and geniculate awns], basal parts hairy [numerous 
and long (ca. 0.5cm) hairs]; scars medium-long (ca. 0.2cm), round; paleas dark- 
brown (Stock No. 1083) or whitish-gray (Stock No. 1084), tight; caryopses 
medium-long (ca. 10cm), medium-plump, medium-sized (ca. 0.2cm), hulled; 
second floret rachilla segments medium-long (ca. 0.3cm), hairy [long (ca. 0.5cm) 
hairs]. 


7. Avena sterilis subsp. ludoviciana var. typica MALZEW 


Stock Nos. 1081, collected in Iran, and 1089, collected in Afghanistan, were 
similar to stock No. 1083, except for the following characters. 

Nodes glabrous; leaves medium to wide (1.4 to .2.3cm); first heading med- 
ium to late (late May to early June), maturity medium to late Cate June to 
early July); panicles medium to long (24 to 42cm), lemmas dark-brown, paleas 
dark-brown. 

The 60 samples of the Avena material studied have been divided into three 
hexaploid species, A. fatua, sativa and sterilis, each including two or three 
subspecies. The geographical locations of these plants generally agree with those 
stated by MaLzew (1930). It is especially noted that neither diploid nor tetraploid 
species of Avena were found in this collection although only a limited number of 
samples were observed. On the other hand, Nakao and Mori (1956) gave a des- 
cription of a tetraploid species (2n=28) under the name of A. strigosa SCHREB. 
subsp. barbata (PoTT.) THELL., var, typica Matz, subvar. genuina CAscu. et GR.) 
Matz. which was usually found as weed in wheat or barley field of Nepal Hima- 
laya. It is interesting that this plant sent to us by the authors has the appear- 
ance of A. fatua rather than of A. barbata maintained in our laboratory. 


Acknowledgements: The authors wish to express their appreciation to Dr. H. Krnara who 
supplied the materials for the study. 
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Maize from Afghanistan and Karakoram 


Sasuke NAKAO and Yoshihiko SOFUE 


Laboratory of Plant Breeding, College of Agriculture, 
University of Osaka Prefecture, Sakai, Japan 


The studies of indigenous maize varieties in the mountainous regions of Asia 
will afford special interests from the view points of both phylogenetical and ethno- 
botanical studies of maize. KuLEsHov (1928) reported about the Persian type 
collected in Central Asia and its adjoining Persian-Transcaucasian regions. ANDER- 
son and Brown (1953) studied Turkish popcorn and demonstrated that they be- 
long to Aegean and Asiatic groups. Suto (1956) clearly classified the above two 
groups, and found that the Asiatic group coincides with the Persian type. 
ANDERSON ef al. (1949, 1953) reported the existence of Aegean and Persian types 
among Assan Hill tribes. Suto (1956) summarized the distribution patterns of 
various maize types, in Asia including Caribbean, North American and European 
types, after his laborious studies of Nepalese maize. However, vast streches 
between Persia and Nepal were not studied aside. The present study has been 
carried out for supplementing the above missing link. The original seeds were 
collected by the members of the Kyoto University Scientific Expedition to the 
Karakoram and Hindukush in 1955. They were studied in the experiment fields 
of the University of Osaka Prefecture, Sakai, Osaka, 1956 ~60. 


Material and Method 


The original samples of the maize seeds collected in Afghanistan and Kara- 
koram are shown in Table 1. For the purpose of comparison 13 standard strains 
supplied by Dr. T. Suto, are also given in Table 2. In 1959, the seeds of all 
strains were sown on June 6 in a greenhouse and transplanted into the experi- 
ment field on June 16. Ten plants of each strain were grown finally. In 1960, 
they were sown on May 20 and transplanted on May 30. In that year, 15 plants 
of each strain were finally grown in the field. Necessary observations of the 
seedlings and the matured plants were made in the field, and various measure- 
ments were made after the harvest. 


Results 


1. All the strains showed segregation of certain characters in the first genera- 
tion. Accordingly they were classified into certain groups and strains in the next 
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Table 1, List of samples from Afghanistan and Karakoram 


94 Orange Purchased in Kabul (alt. 1,800 m), Afghanistan | Many 
94-1 Red-orange “ao 2 
138 Orange ao Many 
138-1* Purple a 1 
969 Yellow Pushuki (alt. 2,280 m), Nuristan, Afghanistan Many 
970 White Kunduz (alt. 400m), Afghanistan “ao 
1086 Orange Mazar-i-Sharif (alt. 350m), Afghanistan o 
1086-1* Red a 1 
1120 White Gilgit (alt. 1,700 m), Karakoram, W-Pakistan Many 
1121 a Nomal (alt. 1,900 m), Karakoram, W-Pakistan ao 
1121-1 Red stripe 4 ll 
1121-2 Yellow * 10 
1121-3* Orange o 3 
1121-4 Red a 2 





* Died in 1956. 


Table 2. List of types used for comparison 











Strain No, Type* 

1 Persian (N-7) 

2 ao (N-81) 

3 Caribbean (J-11) 

4 ao (J-12) 

5 ao (J-9) 

6 Aegean (N-74-2) 

7 a (N-70) 

8 a (C-?) 

9 “o (C-?) 

10 European (E-47) j 

11 “a (E-46) 

12 North American (A-39) 

13 * (A-43) | 
\ 





* Strain Nos. refer 


Original habitat 


Nepal 

a 
Kyushu, Japan 
Shikoku, a 
Fuji, ao 
Nepal 


cd 
North China 
a 
Hokkaido, Japan 
ao 
4 


o 





to Suto and Yosurpa 1956. 
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generation. For example, strain 94 was divided into 94-A and 94-B. Thus, the 
total number of strains finally analysed was 15. 

2. The studies were concentrated in classifying the materials into already 
established types, i.e. Persian, Aegean, Caribbean, European and North American 
types. The results are summarized in Appended Table 1. 

Based on the careful investigations of a number of criteria, the Afghanistan 
and Karakoram maize strains were classified into three groups: four strains (138-B, 
970-A, 1086-B, 1120-B) into pure Aegean, six strains (94-A, 1086-A, 138-A, 94-B, 
969-A, 970-B) into one Aegean type which are introgressed by European type, 
and five strains (969-B, 1120-A, 1121-A, 1121-1-A, 1121-1-B) into the other 
Aegean type which are introgressed by Caribbean type. 


Geographical distribution 


As Suto (1956) suggested, the long belt of the Asiatic mountains from 
Malaya to Persia through the Himalaya and the Karakoram Mountains is the 
home of the Persian type maize. The Aegean type is distributed on the old 
continent around the area of Persian type. The present materials are broadly 
coincident with SuTo’s result. The pure Persian type was not found in Afghan- 
istan and Karakoram materials. The pure Aegean type was found in the strains 
from Kabul, Mazar-i-Sharif and Gilgit. 

Other Afghanistan strains belonged to the group which was originally the 
Aegean type but was introgressed by the European type. This introgression must 
have proceeded from the West. Most of the Karakoram strains were originally 
Aegean but were introgressed by the Caribbean type which must have been 
introduced in a later period. The uniformity of the Aegean type on these moun- 
tainous region types of Afghanistan and Karakoram is minimizing the change by 
these introgressions. 
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Appended Table 1. 


Comparison of numerous criteria relating to the five types of maize. 


The standard 


strains are denoted only in terms of abbreviation as Pe, Ae, E, Ca and Na for. Persian, 
Aegean, European, Caribbean and North American respectively 











Earliness 








“~.. Criteria Type finally Localit 
Material ~~~ sieied 

Pe (st. 1, 2) 

Ae (st. 3, 4, 5) 


E (st. 6, 7, 8, 9) 

Ca (st. 10, 11) 
Na (st. 12, 13) 
94-A 

1086-~A 
138-A 

94-B 

969-A 

970-B 

138 -B 

970-A 

1086 - B 
1120-B 
969~B 
1120-A 
1121-A 
1121-1-A 
1121-1-B 


a 
a 


ao 





4 


Aegean type I» Kabul, Afghanistan 
4 Mazar-i-Sharif, 7 
” Kabul, a 
” a a 
a Nuristan, ao 
a Kunduz, a 
Pure Aegean type| Kabul, 4 
a Kunduz, 4 
ao Mazar-i-Sharif, 7 
a Gilgit, Karakoram 


Aegean type II® | Nuristan, Afghan. 


Gilgit, Karakoram 


Nomal, ao 
a a 
a ao 








1) The Aegean type introgressed by the European type. 
3) 0~2.5 days=very short, 


2.5~5.5 days=short, 





6~7 days=medium, 


Late 
Very early to early 
ao 
Medium to late 
Early 
Very early 
a 
a 
Early 
Very early 
Early 
a 
a 
ao 
4 
ao 
Early to median 
Early 
ao 


a 






















Proterandry® Stalk height Tillering 
Short Very highest - 
Short to medium Low to medium - 
Long Very lowest + 
Medium to long Medium to high + 
Long Low ++ 
Very short Very low - 

a “ao + 

ao ao = 
Short to medium Low - 
Short Very low + 

4 Low _ 

a a £ 
Short to medium Medium + 
Very short Low to medium - 
Short Medium - 

a o = 
Variable Medium to high - 
Short to medium a - 
Medium Low - 
Short a i 





2) The Aegean type introgressed by the Caribbean type. 


8~13 days=long. 
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Appended Table 1. 


(Continued) 





Prop-roots ee Leaf length» 
Many Thin Short to medium 
Medium to many a a 
None Medium Short 
Medium Thick Long 
None Thin Medium 

a ao Very short 
a ao a 
Few a Very short to short 
Few to medium a Short 
a 4 Very short to short 
Few a Very short 
a 4 Short 
Medium Medium Medium 
Few to medium a Short to medium 
Variable a a 
Few to medium a Medium 
Medium to many a Medium to long 
a a Medium 
a Thin Short 
Variable Medium Short to medium 











Leaf width® 


Narrow 
Variable 
Narrow to medium 
Wide 
Narrow to medium 
Very narrow 
ad 
Narrow 
a 
7 
a 
a 
Narrow to medium 
7 
o 
a 
Medium to wide 
Narrow to medium 
Narrow 


Narrow to medium 





Number of leaves 
on a stalk? 

Many 

Medium 

Few 

Many 


Few 


Yov ys 


Y 


a 
Few to medium 
Medium 


Y 


YY Vv y 


Few 


Few to medium 








Auricle® 











Length of tassel 
branch» 
Short 
Short to medium 
4 
Medium to long 
Short to medium 
Short 
o> 
7 
oa 
Short to medium 
Short 
Medium 
Short to medium 


Y 


YoY y 


Variable 
Short 


Medium 








4) Less than 1.3cm=thin, 
70~90 cm=medium, 

over 8.0 cm=wide. 
0 =ordinary, 


55~-70 cm =short, 


7.0~8.0 cm=medium, 
8) -+=conspicuous, 


— =absent. 


over 90 cm=long. 
7) Less than 8=few, 9~12=medium, 
9) Less than 22cm=short, 


between 1.3~1.7 cm=medium, more than 1.7 cm=thick. 


5) Less than 55cm=very short, 


6) Less than 4.0cm=very narrow, 4.0~7.0 cm=narrow, 


over 13=many. 
22~28 cm=medium, 


over 28 cm=long. 


ost 
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Appended Table 1. 


(Continued) 




















Peduncle length!” Neer . eae hes Form of tassel Full length of tassel!® | Inclusion Shank length! Flag leaf 
Short Medium to many Strongly drooping | Very short to short Enclosed Short to medium Absent 
Short to medium Variable Variable Short to medium Variable Variable a 
Medium to long Few Straight Short Naked a Exist 
Medium Variable Drooping Long Variable a Rare 
Medium to long Few Straight a a Medium to long Exist 
Short ao 4 Very short to short Naked Variable Absent 
Medium a” 4 4 Variable ao Rare 
Short to medium ” a a Naked a Absent 
Medium Few to medium a a 4 a a 
Medium to long Few a Variable a Medium to long a 
Medium a Variable Short a Short a 
a Medium a Short to medium Variable Long ao 
Short to medium a a ao a Short to medium ao 
a Few to medium Drooping a oa Variable Rare 
Medium a Variable a 4 Short Absent 
Medium to long Medium Straight Medium a Medium to long a 
Medium ” Variable Variable a Variable a 
a Variable ao ao a” ao | > 
a Few Straight Short a Short | ” 
Long a Drooping | Medium to long i Naked Variable | a 
16~24 cm=medium, over 25cm=long. 11) Less than 20=few, 20=medium, over 20=many. 


10) Less than 16cm=short, 
12) Less than 40cm=very short, 
13) Less than 5cm=short, 


40~54 cm=short. 
5~7 cm=medium, more than 7 cm=long. 


54~58 cm= 


medium, 


over 58 cm=long. 
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Appended Table 1. (Continued) 





Cob diameter Pith diameter 





cst 











Reletre Dell Ear width Ear shape ca gia Kernel shape 
Very high Slender Conical 2. 09 0. 63 Small, rounded 
Variable Slender or gross a 2. 21 0. 53 a 
Very low or low Slender Variable 2.14 0. 63 Medium, rounded 
High Variable 4 2.95 1.10 Large, rounded 
Very low Slender Cylindrical 2. 22 0. 50 Large, angular 
Very low or low 4 Conical 1. 88 0. 53 Small, rounded 

“a a a 2.15 0. 81 a 
Low a a 2.17 0. 73 Medium, rounded 

a a a 2.17 0.72 a 

ta Variable a 2. 39 0. 79 a 

a Slender a 2. 07 0.77 a 
Medium Variable 4 2. 38 0. 82 a 
Medium to high Slender 4 2.16 0. 71 Small, rounded 
Medium a a 2.21 0. 73 Medium, rounded 

a 4 a 1. 98 0. 58 a 
Low 4 a 2. 47 0. 86 a 
Medium to high Gross a 2.55 1. 00 Large, rounded 
Variable a a 2. 40 0. 85 ao 
Medium Slender ao 2.10 0. 74 Large, rounded 
a Medium a 2. 35 0. 65 Medium, rounded 





14) Less than 35mm in diameter =slender, 





more than 35mm in diameter=gross. 
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Millet from Afghanistan and Karakoram 


S. NAKAO, T. MATSUMOTO and M. TANAKA” 


Laboratory of Plant Breeding, College of Agriculture, 
University of Osaka Prefecture, Sakai, Japan 


Members of the Kyoto University Scientific Expedition to the Karakoram and 
Hindukush in 1955, collected numerous seed samples of crop plants. Among their 
collections they found some millet grains. One of them was Sorghum, but all the 
others belonged to proso millet (Panicum miliaceum) or Italian millet (Setaria 
italica). These two species of millet were found rather uniformly cultivated in 
almost everywhere along the expedition route. This fact would indicate that 
they have been the old staple crops in these territories. 

The introduced millets were studied in the experiment field of the University 
of Osaka Prefecture, Sakai, Japan. 


Italian millet (Setaria italica) 


The original samples of Italian millet are shown in Table 1. The grains from 
Karakoram (Nos. 1158, 1160 and 1164) were all yellow-colored but the grains from 


Table 1. List of KUSE samples of Setaria ttalica 





Strain No. | Kernel color Locality - _ 
606 | Yellow ! Charikar, Afghanistan 
974 ; Greyish-yellow Pushuki, Nuristan, a 
974-1 | Orange : Pushuki, a a 
975 Yellow Voma, a a 
975-1 : Black a a ao 
976 Yellow a” ’ st 
976-1 Black ao a 4 
1158 Yellow Hunza, Karakoram 
1160 a ; Skoro Village, a 
1164 a : Minapin, a 





1) Minoru Tanaka 
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Afghanistan were yellow-, orange- or black-colored. They were separated and 
sown in the experiment field. 

The Italian millets showed somewhat wide segregation. In one strain, the 
number of tillers varied from one to twelve or more. The height of the plants 
also varied. For example, in No. 976, some plants attained 110cm in height while 
the others only 55cm. In some of the strains the wild characteristics, such as 
stem slanting, many tillers and easy shattering of spikelets, were exhibited. On the 
whole Italian millets from Karakoram were uniform with the ordinary type, but 
those from Nuristan were extremely variable and some showed wild characteristics. 


Proso millet (Panicum miliaceum) 


The samples studied are shown in Table 2. They were sown and studied in 
1956 and 1957. In most strains, segregation was observed, and those segregants 
were treated as new derivative strains with the strain numbers of 1159-1-A, 
1159-1-B and so on. The results of successive two year studies are summarized 
in Table 3. The common type of panicles in proso millet seems to be a contracted 
type, but is not a dominant character. The dominant panicle type is a diffused 
type which is thought to be most primitive because most of the wild species of 
the genus Panicum have this type. The rounded panicle type is also found only 
in two strains and they are very close to the contracted type. 

A sharp difference was observed between the strains in color of the kernel 
and stigma, as given in Tables 2 and 3. Proso millet is a hairy plant, namely 


Table 2. List of KUSE samples of Panicum miliaceum 





Strain No. Kernel color Locality 
972 Orange Nuristan, Afghanistan 
972-1 Dark-brown ao ” 
973 Orange a” ao 
977 Orange-yellow a “a 
1085 Yellowish-orange Kunduz, a 
1159 Yellowish-white Skardu, Karakoram 
1161 White | Minapin, a 
1162 Orange Hunza, a 
1163 Orange-yellow | Skoro Village, a 
KP3» Naltal, a 











1) Collection of the Geological Expedition of Kyoto University by Matsusuita in 1957. 
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Table 3. Characters of Panicum miliaceum of raised plants (* Sown on April 1) 






























“sob liamactes z 
Ln eading Panicle ; . | Strains with th 
a date* Wipe Stigma color | Leaf hair ! oe type fe 
Strain No. : en 
waa ne pence eae hh D > tneeee 
1161 early June contracted | white hispid 
1162-A + | diffused | purple ’ 1162-D, 1162-C, 
1162-B, 972-1-B 
1163-C middle June | contracted | white densly hispid 
1159-2 4 diffused = % hispid 972-B, 972-A, 
1159-1-E, 1159-2-A, 
1159-2-C, 1159-B 
1159-1-A 4 a | light-purple | + | 972-1-A, 972-1-C 
1159-1-C | rounded _} purple t ! 
1159-1-D a diffused white a 1159-1-F, 1159-2-3, 
1159-1-G, 1159-C, 
| 1159-1-H, 1159-1-L, 
; 1159-2-E, 1159-2-2 
1162-1 ao “a dark-purple 4 1159-1-B 
1163-G late June contracted | white densly hispid | 1163-A, 1163-D, 
: 1163-F, 1163-E 
977-C a ” | purple hispid 1163-B, 973-A. 
| | 973-B, 973-C, 
977-B 
1085 t rounded —_| white densly hispid | 
1159-2-D a diffused | 7% hispid | 1162-2, 1159-A 
1159-D oa a | light-purple a 
KP3 early July contracted | dark-purple a 





the leaf-blade, leaf-sheath and stem are all covered by hispid hairs. In the present 
materials there are no differences in the hairiness of stem and leaf-sheath, but 
there is little difference in the hairiness grade of leaf-blade as shown in Table 3. 

As for the physiological characters, observations were made after a certain 
days from the sowing to the shooting of panicles. The results are shown in 
Tables 4 and 5. It is clear that there is equally a tendency of decreasing the 
growing period according to the delay of the sowing date, and that the number 
of leaf-blades showed no clear decrease according to the delay of sowing date. 

On the whole, the proso millet of the present studies showed no clear differ- 
ence between strains of Afghanistan and Karakoram. But they contained many 
primitive characteristics such as the diffused panicle type. 
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Table 4. Number of days required from sowing to shooting 
in Panicum miliaceum 





——~__ Date sown 











1/IV 21/IV 12/V 31/V 21/VI 10/VII 31/VII 
Strain No. eee 
1161 65+1.6 5642.7 4842.0 4140.8 3640.7 3341.1 3040.8 
1162-A 68+2.5 5942.2 4741.1 4041.1 35+0.8 3140.9 2940.5 
1163-C 7842.9 6442.9 5342.7 4640.8 3841.2 3540.9 3141.4 
1159-2 7541.8 6343.9 52+1.9 4541.6 3841.3 3640.8 34+1.8 
1159-1-A 7743.5 6341.4 5341.4 4640.8 3840.9 3540.7 3441.0 
1159-1-C 78+2.5 6543.3 5241.8 4741.2 4041.1 3540.5 3340 
1159-1-D 7741.9 6243.5 5342.0 4741.2 3941.0 3741.5 3441.2 
1162-1 7241.4 6342.6 5142.6 4440.5 3840.7 3341.1 3441.1 
1163-G 8242.7 6542.5 5341.3 4741.8 3940.7 3540.8 3340.7 
977-C 8042.4 6843.0 6341.9 5041.6 43+1.8 3640.7 3440.8 
1085 8141.3 6541.9 5542.5 4740.8 3940.8 3640.7 32+1.3 
1159-2-D 74+2.7 6645.3 5541.8 4641.3 3840.9 3641.1 34+0.8 
1159-D 7542.7 6343.4 5342.6 4640.8 3841.0 3540.7 3341.4 
KP3 7441.4 6443.9 5642.5 4741.4 3941.9 3540.7 36+0.7 
Table 5. The number of leaf blades in the materials 
with different sowing dates in Panicum miliaceum 
“~~ Date sown 
wT 2 yo 1/IV 21/IV 12/V 31/V 21/VI 10/VII 31/VII 
Strain No. ~~~ 
1161 1140.7 1140.3 1040.3 1140.7 1040.4 10+0 9+0 
1162-A 1140.5 1140.4 1040.5 10+0.3 1040.8 10+0.3 9+0 
1163-C 12+1.2 1240.5 1240.7 12+0 1140.3 1240.5 1040.4 
1159-2 1341.0 1240.5 12+0 1240.7 1240.3 12+0,5 1140.6 
1159-1-A 1241.2 1340.5 13+0 1340.4 1140.4 1240.3 11+0.5 
1159-1-C 1241.3 1240.5 11+0 1240.5 1140.3 1040.7 10+0.5 
1159-1-D 12+1.1 1340.6 1340.4 1340.5 1140.5 1340.5 1140.5 
1162-1 1240.7 1140.5 1140.4 1140.5 1140.4 1140.3 10+0 
1163-G W+L11 1840.6 1240.3 1241.0 1140 1240.4 1010.4 
977-C 12+0.8 1340.6 1441.0 1340.8 1240.9 1340.8 12+0.6 
1085 441.1 1540.7 1440.9 1440.9 1340.5 1340.4 1240 
1159-2-D 1340.9 1240.6 1240.5 1340.6 1140.3 1240.5 1040.4 
1159-D 13+0.8 1340.4 1240.5 1240.7 1140 1240.5 1140.5 
KP3 1241.1 12+0 12+0.5 1340.8 1141.0 1240.3 1240.7 








Cytogenetical studies of barnyard grass 
collected in Afghanistan and Iran 


Tomosaburo YABUNO 


Laboratory of Plant Breeding, College of Agriculture, 
University of Osaka Prefecture, Sakai, Japan 


Seeds of barnyard grass collected in Afghanistan and Iran by the members of 
the Kyoto University Scientific Expedition (KUSE) to the Karakoram and Hindu- 
kush in 1955, were placed at the disposal of the present author for crossing 
experiments with Japanese, North American and German strains of Echinochloa 
crus-gallt. 

This paper deals with cytogenetical studies of barnyard grass from those 
sources with special reference to their phylogenical relationships. 


Material and Method 


The strains of barnyard grass collected by KUSE were as follows. 


Strain Locality 

224 - BII Afghanistan 

AfK -1 Kabul-Pul-i-Khumri, Afghanistan 
AfK - 3 Mazaar-i-Sharif, Afghanistan 

IrN -2 Shahrud, Iran 

K974-1 Afghanistan 


Japanese, North American and German strains used in the artificial crosses 
were as follows: 

Japanese strain, W3, belonging to Echinochloa crus-galli var. praticola Ouwi. 
This variety is hexaploid and a common roadside weed in Japan. It has been 
confirmed that all Japanese hexaploid species of Echinochloa including Japanese 
cultivated species, E. utilis OHwi et YABUNO, have the same genome constitution 
and their hybrids are as fertile as the parents (YABUNO 1953). 

Two North American strains are hexaploid, and belong to £. crus-galli var. 
caudata (RosHEV.) KitaGawa. One of them, U.S.A.-I, was collected in Illinois 
and the other, U.S. A.-C, in a rice field in California. 

Two German strains, Nos. 5751 and 5774, used in the present experiment were 
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obtained from the ‘Institut fiir Kulturpflanzenforschung, Gatersleben,’ Germany. 
These strains are hexaploid and treated as E£. crus-galli var. aristatum (Pursu.) 
Mansr. (MANSFELD 1952). 

The artificial crosses were made by the same technique as used in Setaria hy 
Kinara et KisHimoTo (1942), and Echinochloa by YaBuNo (1953). 

The spikelets were fixed with 1:3 acetic alcohol and the meiosis in PMC’s 
were observed by acetocarmine squash method. 

In order to examine pollen-fertility, anthers were collected from just flowering 
florets several times at intervals of several days and were kept in 70% alcohol. 
Pollen grains were stained by an iodine-potassium-iodide solution. Well stained 
pollen grains were classified as good, while those which were empty or reduced in 
content were classified as bad. 


Results 


1. Chromosome number 

All the KUSE strains from Afghanistan and Iran showed 27 bivalents at the 
first metaphase in PMC’s. They are therefore the hexaploid species with the 
basic number nine known in the genus Echinochloa (YABuNO 1953). 

Some characteristics of the KUSE strains: 

Based on morphological characters, all the strains could be treated as E. crus- 
galli Beauv. However, AfK-l is a new type in regard to the lemma of sterile 
floret. Some morphological and ecological characters are given in Table 1. They 
belong to an early group of E. crus-galli in regard to the heading date. 


Table 1. Some characters of Echinochloa crus-galli BEAuv. collected 
in Afghanistan and Iran by KUSE, 1955 








Straj Heading date* Spikelet size (mm) Awn length Stigma Lemma of 
rain | = thie oa 1 sterile 
| (1959) Length ick- | Width | (cm) color floret 
— Sosa ness Se eee eee ee ee ed eee aS ic Me 
0.5 
224 - BIL 13/VII 3.7 1.2 1.7 (A few spikelets Red Flat 
awned) 
: Stiff and 
AfK -1 19/VII 4.5 1.7 1.9 Awnless White convex 
0.7 
IrN -2 16/VII 3.9 11 1.8 (Many spikelets Red | Fiat 
awned) 
AfK -3 19/VII 33 | 11 1.7 Awnless o |» 
14 
K974-1 5/VII 4.3 1.4 ;, 419 (Many spikelets o a 
| awned) 























* Sown on May 14, 1959, and observed in Sakai, Japan. 
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2. Hybrids 

Five hybrids among the KUSE strains and also four hybrids of the KUSE 
strains with the North American strains, two hybrids with the German strains 
and three hybrids with the Japanese strain were obtained. All the crossings were 
easy, and the hybrids showed normal growth. In the cross combinations with 
AfK-1, the convex lemma of the sterile floret and white color, of the stigma of 
AfK-1 behaved as dominant over flat and as recessive to red color respectively. 
At the first metaphase in PMC’s 27 closely conjugated bivalents were observed. 
The first and second divisions proceeded quite normally. In spite of the normal 
meiosis, however, the hybrids were semi-sterile or highly sterile as summarized 
in Table 2. The sterile pollen grains were smaller than the fertile pollen grains. 
The size of the fertile pollen grains was irregular (Fig. 1. a, b). Pollen-fertility 
of the parents was higher than 90%. 

The pollen-fertility of the Fi hybrids among the KUSE strains ranged from 
75 to 50%. The same values were obtained in three of the four hybrids between 


Table 2. Pollen-fertility in the F, hybrids among the KUSE strains and the 
F, hybrids of the KUSE strains and the North American, 
German and Japanese strains of E. crus-galli 




















Groey combvaton,. | Nomar Sen | Naber of geet Sot meat 
AfK-1xIrN-2 ! 5, 718 | 2, 984 | 52.1 
AfK- 1x 224- BII 5, 644 3, 050 ; 54. 0 
AfK-1xK974~1 7, 138 5, 434 : 76.1 
Reciprocal 10, 325 7,449 : 72.1 
K974— 1x IrN-2 4, 167 2, 819 67.6 
U.S, A.- Ix 224- BIL | 11, 986 5.206 43.4 
AfK-1xU.S. A-I | 19, 689 } 12, 003 | 60. 9 
AMK-1xU.SA-C 5,099 2, 840 | 55.6 
IrN-2xU.S.A-I 1, 863 | 1, 150 | 61.7 
5751 x K 974-1 ( 6, 491 | 4, 441 | 54.5 
AfK-1 x 5774 | 2, 952 | 1, 054 ! 35.7 
W3 x 224- BII | 11, 992 2, 345 | 19.5 
W3 x AfK-3 3,516 565 | 16.0 
W3 x AfK- 1 | 4, 321 , 934 ! 21.6 
4 
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Fig. 1. Pollen grains of the F, hybrids 


the KUSE strains and the North American strains and in one of the two hybrids 
between the KUSE strains and German strains.. 

However, the hybrids with the Japanese strain showed low pollen-fertility, i. e. 
16, 19 or 21% (Table 2). Accordingly, it can be assumed that the KUSE strains 
are more closely related to the North American and the German strains than to 
the Japanese strain. Cross sterility appeared to depend on the genotypes of the 
parents. 

3. Segregation in the F, of AfK-1x U.S. A.-C 

AfK-1 has convex lemmas of sterile florets while U.S. A.-C has flat ones. As 
the lemma of the F; was convex, the convex lemma can be regarded as dominant. 
The segregation in the F, was 52 convex: 15 flat (3:1 ratio, x7=0.24, P=0.7~0.5). 
Therefore, convex lemma must be a simple monogenic dominant character. Pollen- 
fertility of the F, was 55.6%. In the F,, fertile and semi-sterile plants were 
segregated (Table 3). Oka (1953) proposed the hypothesis that a certain gene 
combination produced in meiosis and carried by the microspores and megaspores 
seems to determine gamete survival. 

A genetical factor, X, for normal development of gametes, would be duplicated, 


Table 3. Segregation of fertile and semi-sterile plants 
in the F, of AfK-1xU.S. A.-C 


Good pollen grains (%) 


100 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 


471° & © te B 1 t 1 1 1 
41* 17* 


* 7:2 ratio, y2=1.67, P=0.20~0.10. 
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and thus F; hybrid X:x2 x x:1X2 would be semi-sterile owing to the degeneration of 
XiX, gametes. Thus, the segregation 7 fertile: 2 semi-sterile plants could be 
expected in F;. Furthermore, Oka proposed to assume the second set of gamete 
development factors, similar to X,; and X;, for the variation of normal pollen per- 
centage among plants in the progeny. Semi-sterility in the F, (AfK-1 x U.S, A.-C) 
and the segregation with regard to fertility in the F, seem to be interpreted by 
the hypothesis of Oka. 


Summary 


(1) Based on the morphological and cytological analyses all strains of barn- 
yard grass from Afghanistan and Iran collected by the members of the Kyoto 
University Scientific Expedition (KUSE), 1955, belong to Echinochloa crus-galli 
BEAvv. 

(2) F, hybrids among the KUSE strains, and F, hybrids of the KUSE strains 
with the North American, German or Japanese strains or E. crus-galli showed 
semi-sterility or high sterility. Based on the analyses of pollen-fertility of the F,'s, 
it was concluded, therefore, that the KUSE strains are more closely related to the 
North American and the German strains than to the Japanese strain. 

(3) From the segregation of fertile and semi-sterile plants in the F, of one 
hybrid, AfK-1xU.S.A.-C, it was assumed that pollen-sterility in this hybrid 
seems to be controlled by some genetical factors. 
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Buckwheat from Afghanistan and Iran 


Takashi NAGATOMO 


Laboratory of Plant Breeding, Faculty of Agriculture, 
Miyazaki University, Miyazaki, Japan 


Buckwheat was formerly an important grain crop in the Orient. According to 
DE CANDOLLE (1884) and VaviLov (1935), the place of origin is thought to be in 
north central Asia, including Siberia and China. 

Among the strains introduced by the Kyoto University Scientific Expedition 
(KUSE) to the Karakoram and Hindukush in 1955, three species of Fagopyrum, 
namely esculentum, tataricum and cymosum were included. The former two 
species were widely cultivated, while the last one was wild. 


Material and Method 


16 strains of F. esculentum, 19 strains of F. tataricum and one strain of F. 
cymosum collected by KUSE, and also two summer and two autumn varieties 
cultivated in Japan were used in the present investigations. 

In 1958, the seeds were sown on Sept. 7, but in 1959 the seeds were sown on 
the first day of every month from April to October, in the experiment field of 
the Faculty of Agriculture, Miyazaki University, Miyazaki, Japan. 


Morphological characters 


1. Hetrostyly 

F. esculentum and F. cymosum exhibited heterostyly as is shown in Fig. 1. 
The segregation of the long and short style plants was about 1:1, having 
the former long style and short stamen, and the latter having short style 
and long stamen. It was found that pollination by bees and other insects only 
takes place between flowers that have the styles and stamens of the same length. 
There were no heterostyly in F. tataricum, and the seed-fertility of this species 
was high. 

2. Number of edges of a seed 

A seed of buckwheat has normally three edges, but the number of edges 
fluctuated from two to six (three edged seeds were most frequent) (Fig. 2). 
The frequency of the rare six edged seeds was about 1/100,000. The variation 
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a. Long style flowers lL. Short style flowers 


Fix. 1. Hetelostyly in F. esculentum 





Fig 2. Variation in number of edges of seeds (2~6) 


ina Japanese summer varicty 


was noticed especially in the Japanese summer varieties. 
3. Morphology of the seeds and seedlings 


The data of the morphological studies of the seeds and seedlings are given in 


Table 1. As shown in Fig. 3 the order of the seed size was F. cymosum F. 
esculentum  - F. tatavicum, while the order of the seed index (length/breadth 
x 100) was F. tataricum - F. esculentum ~- F. cymosum. The form of cotyledon 


of F. esculentum was oblong and that ot F. fafaricum or F. cymosum somewhat 
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Fig. 3. Seeds of (a) summer variety, (b) 


(sc) Himalayan variety of F. esculentum, 
and (e) F. cymosum 
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Table 1. Seed and seedling characters in buckwheat 
F. esculentum | F. tataricum F. cymosum 

Seed : | 

length (mm) 6.2 + 0.38 5.4 + 0.28 8.6 £ 0.62 

breadth (mm) 3.8 + 0.26 2.7 + 0.19 7.1 + 0.51 

length/breadth x 100 163 200 121 
cotyledon : 

length (mm) 15.5 + 0.41 14.1 + 0.69 17.6 + 0.82 

breadth (mm) 26.0 + 0.96 17.7 + 0.84 21.8 + 1.07 

breadth/length x 100 168 126 124 

hypocotyl length (mm) 140.5 +15. 62 106.5 + 8.79 11.1 + 1.46 

petiole length (mm) 23.6 + 2.66 33.1 + 5.11 76.9 + 5.79 

hypocotyl length 199 595 322 14 


petiole length 











Fig. 4. Cotyledons of (a) F. 
esculentum, (b) F. tataricum 
and (c) F. cymosum 
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Fig. 5. Root systems of (a) F. esculentum (annual), (b) F. 
tataricum (annual) and (c) F. cymosum (perennial) 


round. The most conspicuous difference among the three species was found in 
the length ratio of hypocotyl and petiole of cotyledon (Fig. 4). 
4. Root systems 


The root systems of three species are shown in Fig. 5. Both F. esculentum 
and F. tataricum are the annual but F. cymosum is perennial. 
5. Other characters 


Differences were found among three species in color of cotyledon, color of flower 
petal, color and hairiness of stem, form of stipule, length of flower stalk and seed 
setting. F. tataricum had more branches and the seed setting was better at a 
lower node position than F. esculentum. In F. cymosum the seeds when ripe shat- 
tered entirely (Fig. 6). 


Agronomical characters 


1. Germination 

The number of days required for germination was in the order, F. esculentum 
<<. F. tataricum ~- F. cymosum. The germination of No. 153 (CF. esculentum) 
was late, while that of Nos. 265, 267 and 271 CF. tataricum) was early. 
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Table 2. Characteristics of introduced strains of buckwheat, sown in autumn 






































Mies | eee | ee ees | ree 
F. esculentum : | | 
140 A 31.7 + 2.37 5.3 + 0.35 74.8 + 4.26 
141 B | 32,3 + 2,42 6.3 + 0.81 64.6 + 3.75 
150 A ; 34.1 + 2.19 6.4 + 0.94 | 95.3 + 6,50 
152 A | 33.3 + 2,02 6.4 + 0.80 80.5 + 3.79 
153 e 39.4 + 3.39 6.8 + 0.60 54.4 + 4.01 
154 A 31.5 + 1.46 5.4 + 0.55 80.3 + 3.38 
155 B 34.6 + 1.95 5.4 + 0.63 55.0 + 3.23 
156 A 33.3 + 2.75 4.6 + 0.67 78.8 + 4.35 
157 A 27.7 + 2.48 2.6 + 0.40 59.1 + 3.89 
158 A 33.4 + 1.76 3.7 + 0.64 85.3 + 4.93 
159 B 38.0 + 1.87 6.0 + 0.73 70.8 + 6.17 
160 A 32.1 + 1.96 5.2 + 0.54 77.4 + 4.32 
264 A 27.2 42.31 | 3.4 + 0.53 70.4 + 4.63 
266 A 28.6 + 2.44 3.6 + 0.49 58.7 + 2.33 
269 B 29.7 + 2.98 | 4.7 + 0.61 62.3 + 2.87 
F. tataricum : | 
138 | Cc 47.0 + 2.13 7.7 + 0.94 48.0 + 3.20 
139 Cc | 48.7 + 2.33 9.2 + 1.15 45.5 + 3.75 
142 B 49.9 + 2.09 9.5 + 1.29 63.6 + 4.95 
143 c 49.1 + 2.36 8.3 + 0.72 54.5 + 4.08 
144 | B 43,2 + 2.77 7.1 + 0.83 42.1 + 3.37 
145 | fe 33.0 + 2.56 6.1 + 0.84 18.6 + 2.26 
146 B 31.5 + 2.12 7.3 + 0.89 25.3 + 2.95 
148 B 31.8 + 2.56 6.7 + 0.93 19.1 + 1.79 
149 B 51.3 + 3.25 9.9 + 0.77 51.5 + 3.42 
265 A 37.7 + 2.56 6.6 + 0.61 59.7 + 2.57 
267 A 38.3 + 2.15 6.7 + 0.71 63.3 + 3.05 
268 B 38.2 + 2.12 7.2 + 0.96 51.4 + 2.06 
270 B 39.2 + 1.67 7.3 + 0.76 50.3 + 3.66 
271 A 37.3 + 1.78 7.2 + 0.74 57.6 + 3.70 
272 Ec 38.0 + 2.01 8.0 + 0.85 46.1 + 2.51 
273 | B 41.1 + 2.95 7.6 + 0.98 55.6 + 3.92 
274 B 45.4 + 3.11 7.8 + 1.04 45.2 + 2.30 
275 ! B | 39.6 + 1.89 6.3 +0.90 | 61.3 + 3.48 
F. cymosum: | 
161 c | 59.0 + 4.25 17.0 + 1.69 | 63.3 + 5.86 
* A: within 5 days, B: 6~7 days, C: more than eight days. 
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Fig. 6. Seed setting of (a) summer variety, (b) autumn variety, 
and (c) Himalayan variety of F. esculentum, 
(d) F. tataricum and (e) F. cymosum 
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Table 3. Change of days until efflorescence due to the change of sowing time 


F. esculentum 


F. tataricum 











Sowing ———-—-'- 
time Japanese Japanese KUSE KUSE 
summer variety | autumn variety No. 1116 No. 1151 
April 37.3 42.5 : 35.8 41.0 
May 36, 0 42, 4 34, 2 41.1 . 
June 34.3 45.8 33. 8 42.6 
July 42.3 67.8 39. 5 45. 3 
Aug. 29,1 42. 4 ! 31.5 36.6 
Sept. 23.6 29.7 27.2 32,3 
Oct. 33.3 33.5 34.1 43.1 


* Not flowered. 


Table 4. Change of node position of the first flower due 


to the change of 





'  F. cymosum 


KUSE 
No. 161 


85. 2 
80. 4 
100. 6 
70. 1 
50. 8 
50. 2 











F. esculentum F. tataricum F. cymosum 
Sowing —- = a sas 
time Japanese Japanese | KUSE KUSE KUSE 
summer variety | autumn variety | No. 1116 No. 1151 No. 161 
April 3.7 | 4,3 | 3.8 | 7.7 18. 8 
May 38 460 | 3.8 7.1 19.0 
June 5.0 | 7.2 4.6 7.8 36.3 
July 5.3 8.9 | 5.0 7.4 i 26. 0 
Aug. 4.8 | 6.3 i 4.3 73 | 24.9 
Sept. 4.1 4.7 3.7 7.4 18.9 
Oct. 3.3 3.5 5.8 ae 


* Not flowered. 


3. 2 





Table 5. Change of plant height* due to the change of sowing time 

















F. esculentum | F. tataricum | F. cymosum 
Sowing - | — 
time Japanese Japanese | KUSE KUSE |  KUSE 
summer variety | autumn variety No. 1116 No. 1151 No. 161 
| 
April 35.3cm 96. 7c¢m | 59. 3cm | 78, 4cm | 85.9cm 
May 78. 4 (102.1 51.4 67.9 116. 5 
| | 
June 70. 0 | 73.0 83.5 | 83. 4 | 41.2 
July 48, 1 | 58.9 | 54.3 | 58,9 | 43.5 
Aug. 66. 1 89. 4 64.9 | 59. 2 | 44.2 
Sept. 49. 0 60. 0 36. 6 | 48. 8 28.8 
Oct. 19. 4 22. 2 27.9 31.8 | 10.9 
4 | 





* Plant height was measured 60 days after sowing. 
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2. Date of efflorescense 


The data of the date of efflorescense are 
given in Tables 2 and 3. Generally F. esculentum 
and F. tataricum flowered earlier than F. cymo- 
sum, The date of efflorescense was delayed 
especially when sown in June~July. 


3. Node position of the first flower 


The data regarding the node position of the 
first flower are given in Tables 2 and 4, The 
node position was low in F. esculentum and me- 
dium in F. tataricum and high in F. cymosum. 


4, Plant height 


The data concerning the plant height is 
given in Tables 2 and 5. When sown in Septem- 
ber, F. tataricum was short, F. cymosum was 
medium and F. esculentum was tall. The plant 
height was largely affected by the sowing time 
in the Japanese autumn varieties. In some cases 
a plant grew surprisingly tall on a prop (Fig. 
7). This is because the buckwheat responses 
to the day length extremely sensitively even 
after the efflorescence as pointed out by Skok 
and ScuLiy (1955). 
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Fig. 7. Autumn variety of F. 
esculentum grown under the 
long day condition; plant 
height 412cm and number 
of nodes of main stem 49 


Watermelons collected in Afghanistan and Iran 


Minoru SHIMOTSUMA 


Kihara Institute for Biological Research, Yokohama, Japan 


Watermelons are native to South Africa (LivincsToNe 1857) and have spread 
to North Africa, Egypt, South-West Asia, and even farther to Central Asia along 
the south-western slopes of the Himalayan Range (STuHLMAN 1906, VaviLov 1931). 
Being an important crop which supplies delicious fruits, watermelons are now 
extensively grown in different parts of the world. 

In 1955, the members of the Kyoto University Scientific Expedition (KUSE) 
to the Karakoram and Hindukush collected seeds of watermelons in Afghanistan 
and Iran. The seeds were sent to the Kihara Institute for Biological Research, 
Yokohama, and the characteristics of the plants were examined by the present 
author. Some of the collected strains were crossed with Japanese tetraploid 
varieties and the triploid hybrids were obtained. This paper describes the 
characteristics of those diploids and triploids 


Material and Method 
Along the route of KUSE, 25 strains of watermelons were collected. They 


Table 1. List of the collections from Afghanistan and Iran 





Strain No. Locality Strain No. Locality 
503 Jalalabad, Afghanistan 149 Kabul, Afghanistan 
504 Isfahan, Iran 418 a a 
510 Bostonabad, a 419 ao” a 
515 Rezaiyeh, a” 114 ao ao 
516 a 4 991 Karachi, Pakistan 
704 a o 992 a a 
709 Sabzawar, ao 993 Kandahar, Afghanistan 
717 Damghan, a 994 a ao 
712 Tehran, a 995 Mazar-i-Sharif, a 
724 Mashhad, 4 996 Kabul, “ao 
739 Damghan, ao 997 Karachi, Pakistan 
763 Tehran, a 1152 a = 
769 4 a 
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are listed in Table 1. 

The seeds were sown in the hotbed on April 10, 1956. Two strains, viz., 
Nos. 504 and 724 did not germinated at all. The seedlings were transplanted to 
the field on May 10. Observations and measurements of the characteristics were 
made, and the results were compared with those of the Japanese cultivated variety, 
Asahi-Yamato. 


Table 2. Flower and vine characters of watermelons collected 
in Afghanistan and Iran 

















| Flowering Node Length Length 
strain | lowering | POU” | NCL Sf Triower| cf, | on | ch, Piseas 
No. female type vine re node | tance! 
4 z 4 + flower (cm) ous (cm) 
503 | 20/VI | 30/VI 75 79 27 4% | 1085] 13 8 Ss 
510 | 14/VI | 23/VI 58 68 24 S% | 189.8] 16 11 S 
515 | 21/VI | 29/VI 58 65 28 4% | 134.5! 13 10 Ss 
516 | 20/VI | 30/VI | 66 at 28 4% | 193.8] 16 12 S 
704 | 15/VI | 23/VI | 62 73 22 | 3% | 169.8) 15 11 R 
709 | 20/VI | 30/VI | 60 | 63 | 20 | 4% | 210.2) 17 ' 12 S 
717 | 20/VI | 24/VI 66 71° 29 | $F | 1724; Ie | 12 Ss 
712 | 23/VI | 22/vI | 68 75 19 } $F | 195.5] 16 | 12 S 
739 | 18/VI | 23/VI 73 79 «| (22 $% | 170.4] 16 11 S 
763 | 17/VI | 27/VI | 65 72 28 | $F | 187.5) 16 12. Ss 
769 | 20/VI | 24/VI 70 79 26 S% | 20.5; 17 | 12: § 
149 | 23/VI | 30/VII| 68 75 28 $F | 190.5} 16 122: = § 
ais | 14/vi | 25/vr | 59 67 2 | $% | 124! 7 |) 1 Ss 
419 | 21/VI | 28/VI | 68 72 26 $% | 1726/ 16 wl ! § 
114 | 23/VI | 30/VI 59 68 28 $F 190. 5 16 12 S 
991 | 20/VI | 25/VI 65 75 | 25 $% | 190.8] 16 12 S 
992 | 21/VI | 25/VI 63 72 28 $ F 180. 6 16 11 S 
993 | 15/VI | 22/VI | 66 75 27 | $# | 190.7! 16 12 Ss 
994 | 24/VI | 29/VI 68 75 | 25 % | 180.5! 16 11 Ss 
995 | 20/VI | 28/VI | 63 71 | 28 $% | 189.4] 15 | 13 S 
996 | 19/VI | 28/VI | 65 75 | 24 $F | 1886) 16 12 S 
997 | 18/VI | 23/VI | 66 75 28 $% | 175.8) 15 12 Ss 
1152 | 16/VI | 28/VI 59 69 26 ae 19.7; 16 | 12 | § 
Control | 18/vI | 25/vI.) 71 84 14 | 42 | v2] 1 | 5 R 
I i 
































dD R: Resistant, S: Susceptible. 2) Asahi-Yamato. 
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Results 


1. Characteristics of main vine, leaf and flower 

Length of the main vine was measured, and nodes on the main vine were 
counted on June 11, 1956. Date of flowering, flowering period, position of the first 
female flower, flower type, and disease resistance were examined, The results 
are shown in Table 2. 

In general, the plants showed vigorous growth until the rainy season. Afghan- 
istan and Iran lie between the latitudes 29°N and 40°N, and have a continental 
climate with little rainfall in summer. Japan's rainy season is in June, and during 
this season diseases spread very rapidly. Most of the collected strains were 
severely damaged. Some of the plants in each of the collected strains were 
attacked by both anthracnose and stem rot, and died. The survivals, however, 
recovered vigorous growth after the rainy season was over. 


Leaves were orbicular to triangular-ovate in shape and always deeply 3~5 
lobed with lobulate to pinnate lobes. Tendrils were elongated and two lobed. 
The length of the main vine of all the collected strains except for No. 503 





a j 





Fig. 1. 2x-watermelons of KUSE strains collected in Afghanistan and Iran x1/10. 


a. No. 1152, b. No. 510, c. No. 739, d. No. 419, e. No. 712, 
f. No. 992, g. No. 704, h. No. 709, i. No. 997 
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Table 3. Fruit characters of watermelons collected in Afghanistan and Iran 














a i en ee 
503 R 19x19 G S P - 2. 86 0.8 
510 R 13x13 G Ss Y a 1. 42 1.2 
515 R 15x15 B Cc P - 2.01 1.0 
516 R 13x13 G Cc Y = 1. 40 1.2 
704 OB 25x18 B Cc P + 3. 21 2.0 
709 R 13 x13 G Cc P - 1.41 1.0 
717 R 8x 8 G S P - 0. 52 1.0 
712 OV 20 x15 G S P = 2. 63 1.0 
739 R 12x12 G Cc P = 1.25 0.8 
763 R 15x15 DG Cc P - 2.10 1.0 
769 R 15x15 DG S P = 2. 03 0.9 
149 OV 12x 9 G Cc P = 1.01 1.5 
418 R 13 x13 DG Cc P oa 1. 40 1,2 
419 OV 20 X12 G Cc P = 2. 03 1.5 
114 OV 18x14 G Cc P _ 2. 27 1.3 
991 R 12x12 B Cc P + 1. 26 1.0 
992 R 14x14 B Cc P + 1.65 11 
993 OV 14x13 G Cc Ww - 1. 52 1.3 
994 R 10x10 G S P = 0. 95 1.3 
995 OV 17x11 G Cc P - 1, 42 1,2 
996 OV 14x12 G C Ww = 1. 47 0.7 
997 R 17 X17 B Cc P = 2. 52 1.8 

1152 R 12x12 G Cc P car 1. 20 1.0 

1) R: Round, OB: Oblong, OV: Oval, 2) G: Green, B: Black, DG: Dark-green, 

3) S: Striped, C: Whole-colored, 4) P: Pink, Y: Yellow, W: White. 


was more than twice as long as that of Asahi-Yamato, but the number of nodes 
on the main vine was almost equal to that of Asahi-Yamato. The length of 
internodes of the collected strains, therefore, was more than twice as long as that 
of Asahi- Yamato. 

Date of flowering and flowering period of the collected strains were nearly 
the same as in the control. Position of the first female flower of the collected 
strains was about ten nodes higher than in the control. All the strains have 
diclinous flowers except for No. 1152 which had hermaphrodite and male flowers. 


2. Characteristics of fruits 


Shape, size and weight of fruits, color and pattern of exocarp, color and flavor 
of flesh, and thickness of rind were examined (Table 3, Fig. 1). 
The shape of the fruits was round, oval or oblong. They were generally 
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smaller than the fruits of Asahi-Yamato, Pericarp was black, dark-green or green 
in color and either striped or whole-colored in pattern. The flesh was pink, yellow 
or white and slightly solid in texture. With a few exceptions the fruits of the 
collected strains had a non-sweet flavor. 

3. Characteristics of triploids 

In 1956, Japanese tetraploid varieties were pollinated with pollen grains of the 
collected strains, and triploid seeds were obtained. They were sown in 1957, The 
triploid seeds germinated well and the triploid plants grew normally. They bore 
seedless fruits. 

Of 20 triploid combinations obtained, four were comparatively excellent in 
fruit characteristics. They are shown in Table 4 and Fig. 2. 


Table 4. Characteristics of 3x-watermelons 
(Japanese 4x-varieties x KUSE 2x-strains) 














Combination | Sapa of Color of Paricary Colonot Suge, resin 
a Peni ee Ne ese ee eee ea 
Yamato (4x) x 704 R DG S P 10.8 R 
Asahi-Yamato (4x) x 763 R G Cc P 9.8 R 
Fumin (4x) x 739 R G S P 11.6 R 
Shin-Yamato (4x) x712 R G S P 12.0 R 


1) R: Round, 2) G: Green, DG: Dark-green, 3) S: Striped, C: Whole-colored, 


4) P: Pink, 5) Brix (%), 6) R: Resistant. 
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Fig. 2. 3x-watermelons (Japanese 4x-varieties x KUSE 2x-strains) x1/12.5 


a. Yamato (4x) x 704, b. Asahi-Yamato (4x) x 763, 
c. Fumin (4x) x 739, d. Shin-Yamato (4x) x 712 
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The triploids showed vigorous growth and were resistant to disease, in spite 
of the susceptibility to disease of the collected strains. Fruit shape of the hybrid, 
round x oblong (or oval), was round. Pericarp color was intermediate between the 
parents. As to flesh color, redx pink was pink. Flesh of the Afghan and Iranian 
watermelons were either non-sweet or slightly sweet, but the hybrid fruits were 
as sweet as those of the tetraploid mother parents. 


Consideration 


Watermelon (Citrullus vulgaris SCHRAD.) originated in South Africa is widely 
distributed in Egypt, and South-West and Central Asia. Following after the 
classification of four species, viz., C. vulgaris, C. colocynthis, C. ecirrhosus, and C. 
naudinianus, in the genus Citrullus by Cocniaux and Harms (1924), many bota- 
nists who engaged in the taxonomy of the Cucurbitaceae have published the 
opinions that two groups of C. vulgaris, viz., edible watermelons and bitter or 
non-bitter wild races, should be treated as two independent species, viz., C. edulis 
Pane. and C. colocynthoides PaNnc. (PANGALO 1930, 1938; GoLDHAUSEN 1938), or 
two subspecies, viz. edulis and colocynthoides CREHM et al. 1957; SHIMOTSUMA 
1963). The former was regarded as cultivated form and the latter as its wild 
form. They are practically identical to each other in the vegetative character- 
istics, but differ from each other in fruit characteristics, namely the cultivated 
form has either red or yellow flesh with sweet flavor, while the wild form always 
has white flesh with either bitter or non-bitter flavor. Nos. 993 and 996 may be 
wild watermelons and the other strains the cultivated ones. 
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Pumpkins from Afghanistan and Iran 


Siro TAKASHIMA 


Laboratory of Olericulture, Kyoto Prefectural University, Kyoto, Japan 


The seeds of pumpkins were brought to Japan by the Kyoto University Scien- 
tific Expedition (KUSE) to the Karakoram and Hindukush in 1955 (Fig. 1). It 
was thought that the three known species of Cucurbita were all native to the 
American continent (TAKASHIMA 1956). However, it has been thought that India 
could be the place of origin because a botanist in the 16th century called the 
original species of C. maxima as Indian gourd and named it Pepo maximus indicus. 
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Fig. 1. A map showing the localities of respective KUSE strains 


Sir Joseph Hooker held the opinion of American origin. BARTER emphasized 
the African origin because a distinct wild species was found along the Nile in 
Guinea, Africa, and it was found under common cultivation in Abyssinia, Egypt 
and other parts of Africa. DE CANDOLLE (1884) also supported the theory of 
African origin. It was thought also that pumpkins were introduced to the new 
continent from Europe in the year of the discovery of Brazil in 1504, and also in 
1637 and 1638. 

Recently, the theory of the American origin has been put forward by the 
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American botanist because a Brazilian variety “ Jurume” illustrated in a figure by 
Piso is C. maxima. BuKasov (1930) reported, that pumpkins were cultivated only 
in Southern Peru, Bolivia and Northern Chile in South America. After CATER 
(1945), the seeds found in an old jar in Peru were thought to be related to those 
of the present C. maxima. He reported that he found the seeds of apparently C. 
maxima in the tomb of Naudin and Ancon (Ancon: a ruin of the ancient Incan 
Empire). For C. Pepo the American Continent was assumed to be its home. 

Cocniaux reported that he collected the seeds of C. moschata from Bangha 
Island in the southeast of Sumatra-Island, while Mique stated that the species 
was not cultivated there. 

There are no other assumptions concerning the origin of this species, but the 
Oriental origin theory could not be neglected because it is very extensively 
cultivated in Southern Asia. 

The present paper deals chiefly with (1) the systematics of those materials 
introduced by KUSE, with special reference to the origin of cultivated pumpkins, 
and also (2) the studies whether any of their characteristics are useful for the 
breeding purposes in Japan. The investigations were carried out for three years, 
1956 ~ 1958. 


Material and Method 


The seeds were sown directly in the Experiment Farm of the Laboratory of 
Olericulture, Kyoto Pref. Univ., Kyoto, Japan. For the convenience of observations, 
only one branch vine was left on the main vine and others were trimmed off. 
For comparison plots of non-trimming were also prepared. The morphological 
observations were made on the 15th/2nd” leaves and on the 3rd/5th female flowers 
of the main vine. The 2nd/3rd fruits on the main vine of ten plants were used 
for examinations 40~45 days after flowering. Node positions of the first female 
flower were observed in relation to the earliness. The heat tolerance and disease 
resisitance were studied. For this reason no fungicides were applied during 
cultivation. The materials in our maintainance, wild and cultivated, were used for 
comparison. Collection Nos. of KUSE have been used as the material Nos. of the 
present studies. 


Results and Consideration 


1. Seeds 
As given in Table 1 and shown in Fig. 2, the seeds of No. 113 showed slant- 
ing scar, being the characteristic of C. maxima. Nos. 788, 830, 998 and 999 


1) The 15th node of main vine/the 2nd node of lateral vine. The same rule applies corres- 
pondingly to the following. 
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Table 1. Seed characters 
i ee 
































: Si * | Weight 
ties ee Color “ke ize-Cmim) para of 100 
6 color grains 
L | ‘ . i E Gls (gr) 
12 horizontal | grayish- | | grayish- 
1 or round white 17.17 9. 26 159. 0 | white 144.5 
706 a a 16, 87 8. 84 | 149. 1 | a 173.5 
| 
782 a a 15, 34 8. 58 131.6 ao 120.0 
824 a a 16. 72 9. 25 154. 7 a 161.0 
1000 round 4 15. 32 8. 41 | 128.8 | pale-brown 130. 5 
788 wavy a 15. 56 9.05 140. 8 “o 141.5 
830 4 a 15.85 | 8. 83 140. 0 “a 125.0 
deeper | 
998 a grayish- 16. 69 9.05 150. 4 o 143.5 
white ; 
999 o a 16. 22 10. 22 165. 8 a 185.5 
113 | slanting | Whitish- 18.91 10.12 | 191.4] white 219, 3 
8 yellow y ; : 5 








* L: length,and W: width, in average. 


showed wavy scar as C. moschata. The scars of Nos. 112, 706, 782 and 824 were 
horizontal or round, having the distinct characteristic of C. Pepo. No. 1000 was 
round or intermediate between C. moschata and C. Pepo. 

C. Andreana, C. ficifolia, C. foetidissima and C. texana are considered to be 
the ancestral species of cultivated pumpkins, but none of the collected materials 
was classified as any of these species (Fig. 3). 

2. Vines and leaves 

No. 112 (Fig. 4a): annual, vine-type, growth slightly bad; leaves petiolated, 
alternate and dark-green without white spots, distinctly indentated, rather deeply 
incised, incompletly lobed 2~5. 

No. 706 (Fig. 4b): annual, vine-type, vigorous growth; leaves green with 
white spots, deeply incised, distinctly indentated, incompletely lobed 5. 

No. 782 (Fig. 4c): annual, bush-type; leaves green with or without white 
spots, distinctly indentated, deep incision, incompletely lobed 5. 

No. 824 (Fig. 4d, Fig. 6a); annual, bush-type, leaves green with or without 
white spots, morphologically similar to No. 782. 

No. 1000 (Fig. 4e, Fig. 6b): annual, vine-type: leaves dark-green without 
white spots, deeply incised, incompletely or completely lobed 3~5. 
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b. C. radicans 
c, C. Andreana 
d. C. texana 
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Fig. 3. Seed samples of respective species 


Fig. 2. Original seeds of respective 
KUSE strains 


Table 2. Leaf characters 





























i 
Material Leaf-blade -| Petiole tea 
No. | Sinn Aes | Tahoe | Gelae | aiiniee Seek Letteth | Diameter 
Nov [Size (mm) | Lobes | Color | White a mm) | Gam) |) 
| 
112 113 x 119 3~5 | dark-green - - 98 | 4.0 52 
706 295 x 250 5 | green + 241 13.0 152 
782 153 x 153 - a + - , er | 62 57 
824 213 x 153 5 to +, - 217 9.5 27 
1000 | 183x122 | 35 | dark-green - . 8 | 65 75 
aa rs oes i ese att ae, ee Nia id pematt cess a MR Takeo: 
788 153 x 219 a f ' fa | Be | 135 
830 142 x 147 4 ; 166 7.0 108 
998 | 165x105 Oo - @ + 7.0 75 
999 «=| 195x166 | 5 o ' + | qo9 9.5 112 
= Se sei Reni ee joes Spit eos per en Se esl ea a 
ce a nn 7 = , 958 25 ' 41 


ede eau. —: absent. 
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d, No. 824 e. No. 1000 


Fig. 4. Growing habits of respective KUSE strains in Kyoto, Japan 


No. 788 (Fig. 5a, Fig. 6c, d): annual, vine-type, growth vigorous; leaves dark- 
green with many white spots, distinctly indentated, slightly incised, incompletely 
lobed 3~5. 

No. 830 (Fig. 5b, Fig. 6e): annual, vine-type, growth especially vigorous; 
leaves dark-green with distinct white spots, distinctly indentated, slightly incised, 
incompletely lobed 3~5. 

No. 998 (Fig. 5c): annual, vine-type, growth vigorous; leaves dark-green with 
white spots, distinctly indentated, slightly incised, incompletely lobed 5. 

No. 999 (Fig. 5d): annual, vine-type, growth vigorous: leaves dark-green with 
distinct white spots, not distinctly indentated, slightly incised, incompletely 
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d, No. 999 e, No. 113 
Fig. 5. Growing habits of respective KUSE strains in Kyoto, Japan 


lobed 5; many hairs on leaf and petiole. 

No. 113 (Fig. 5e): annual, vine-type; leaves dark-green without white spots, 
not distinctly indentated, scarcely incised, incompletely lobed 5. 

Nos. 112, 706, 782 and 824 have no completely lobed leaves, but otherwise 
they show the characteristics of C. Pepo. The leaves of No. 824 are lengthily 
heart shaped and resemble C. foetidissima (Fig. 10a), which is thought to be the 
ancester of C. Pepo. Nos. 788, 830, 998 and 999 show the characteristics of 
C. moschata and white spots are recognized at the diverges of veines. 

It is difficult to determine precisely whether No. 1000 belongs to C. Pepo or 
C. moschata, but this can probably be included in C. Pepo, because the white 
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c. No. 788 d, No. 788 





Fig. 6. Growing habits of respective KUSE strains in Kyoto, Japan 


spots do not occur. Since No. 113 has thin and stiff hairs on the leaves it will be 
recongnized as C. maxima, though the leaf is incompletely lobed 5. The leaf of 
C. maxima is entire. Such a leaf-form is known in a variety “Delicious” of 
C. maxima. 

3. Flowers 

The male flower of C. Pepo is characterized by needle-shape sepals, star-shape 
cross-section peduncle, and dark-yellow corolla color. In Nos. 112, 706, 782, 824 
and 1000 (Fig. 7a, b, c, d, e), the characteristics are the same as C. Pepo. Calyx 
is shorter than that of any other species. Therefore these strains must belong to 
C. Pepo. Nos. 788, 830, 998 and 999 (Fig. 7f, g, h, i) have stick shape sepals, 
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pentagon-shape cross-section peduncle, and yellow-orange corolla color. A few 
buds of No. 788 are seen in Fig. 6c. Those characteristics mentioned above are 
those of C. moschata. Occasionally C. moschata shows the transformation of 
calyces into leaves. The same was seen in Nos. 998 and 999. Accordingly Nos, 
788, 830, 998 and 999 were identified as C. moschata. A bisexual flower occurs 
often in No. 788. Male flowers of No. 113 (Fig. 7j) had needle-shape calyces, 
round cross-section peduncle, and light-yellow corolla color, being the character- 





Fig. 7. Flowers of respective KUSE strains 


a. No. 112, b. No. 706, c. No. 782, d. No. 824, e. No. 1000. 
f. No. 788, g. No. 830, h. No. 998, i. No. 999, j. No. 113 
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Table 3. Male flower characters 
































Diameter} Length | Depth | Length | Diameter Shape of | Length 
Material of of of i Cale of of cross- | of ere 
No. corolla | corolla | sinus peduncle | peduncle | section of! sepal < 1 
(mm) (mm) mm). | crim) | (mm) ‘Peduncle ; Crm) mee 
—— ‘wlan a ie ada Bae an ses, (ites aioe ahem pee - Da seis cleat tricichic sega Ses at’ eae catia. oa pa 
dark- | | 
112 69. 2 71.5 40.7 yellow | 94. 8 3.5 star ‘' 14,5 | needle 
706 76.9 84.4 41.4 yellow ; 61.3 ! 4.0 | 4 | 13.6 4 
| \ | 
782 | 100.9 | 80.4 | 39.0 | 9 | 55 | 34 4 | 149 | ” 
soa | 761 | 77.6 | 438 | 4 | 498) 34 | @ | ae 
1000 89.6 82. 8 46.3 a 105. 8 3.7 a ; 19.1 | ao 
\ 
Neg ta | pe fe rea ye ae ee 
788 | 95.8 | 101.7 | 42.3 anes 107.6 | 5.8 | pentagon| 38.3 | stick 
830 | 989 | 1022 | 54.3 ” 123.9, 46 , 4% 308; 4 
1 | ! 
998 90. 6 88.2 | 43.5 o 112.2 | 5.3 a 37.9 | 4 
999 | 115.5 | 107.0 | 56.2 | +4 19.0 | 59 | 4 : 327 | 
L | as 
pale- i 
113 54.6 76.0 28. 3 yellow 92.1 3.8 | round 18.7 | needle 
I i \ 











istics of C. maxima. 

4, Fruits 

No. 112 (Fig. 8a): small and egg form; surface smooth, milk-white, warts not 
powdery, pericarp very hard; pulp white; ripe fruit fibrous and inedible. The 
fruit of C. ovifera (Fig. 10a) is almost similar to that of No. 112. Therefore this 
strain will be designated as C. ovifera or C. Pepo var. ovifera. 

No. 706 (Fig. 8b): small and cylindrical; surface smooth, light-yellow, not 
powdery; pericarp very hard; pulp milky-white; ripe fruit very fibrous and 
inedible. In many respects, No. 706 is morphologically similar to C. Pepo var. 
pirtformis (Fig. 10e), but the fruit is smaller. 

No. 782 (Fig. 8c): small, longish-elliptical and bulged at the bottom: surface 
smooth, yellow-brown, not powdery; pericarp hard; pulp yellow-white, ripe fruit 
fibrous; but eaten only within one week after blooming. 

No. 824 (Fig. 6a, Fig. 8d): very likely the same as No. 782. Both Nos. 782 
and 824, resemble the variety ‘“ Chinese-Early ” (Fig. 10b), cultivated in Japan. 

No. 1000 (Fig. 6b, Fig. 8e): small and oval; surface furrowed distinctly ; pulp 
milk-white, ripe fruit fibrous and inedible. Pericarp of young fruit has serpent-like 
spots. This pericarp pattern is similar to that of the wild pumpkins. Pericarp of 
ripe fruit is yellow and smooth, similar to C. Pepo var. cucurbittela (Fig. 10f). 

No. 788 (Fig. 6b, Fig. 9a): medium-size; and clabash surface smooth or slightly 















































Table 4. Fruit characters 
Material No. | 112 | 706 782 824 1000 788 830 998 999 113 
| 
form egg cylinder Ghee Cine oval clabash | clabash | clabash | clabash heart 
é width (cm) 10. 7 12.1 10.2 9.3 10.7 14.5 13.8 15.8 17.8 31.5 
ruit 
length (cm) 15.2 19.0 21.7 23.5 13.6 26.7 29. 8 27.3 42.5 33. 2 
size small small small small small middle middle middle large large 
color milk- light- yellow- brown yellow bronze bronze bronze bronze | 8Teen 
white yellow brown and red 
Pericarp thickness (mm) 2.8 3.0 2.7 2.2 1.5 3.0 1.8 2.8 3.0 5.0 
| structure hard hard hard soft hard soft soft soft soft soft 
Stalk diameter (cm) | 14 2.1 1.8 1.9 | 1.6 1.4 | a 2 0.8 1.4 2.5 
Sugar (%) | 4.8 3.8 3.8 2.8 | 6.0 9.2 2 a 8.7 6.4 4.4 
‘thickness (cm) 2.0 2.6 1.7 1.6 2.4 3.6 | 2.3 27 | 4.3 
Sarcocarp : milky- -; yellow- yellow- milky- yellow- 
: color white white i whites white orange | orange orange orange | white 





Common characters: Warts do not occur; 


white 











pericarp is non-waxy. 
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d, No. 824 e, No. 1000 


Fig. 8. Fruits of respective KUSE strains grown in Kyoto, Japan 


bullate and vertically furrowed, powdery; pericarp soft, and pedestal thickend at 
the base; pulp orange, fibrous but edible, resembling “ Tsurukubi”, a variety of 
C. moschata but of poor quality. 

No. 830 (Fig. 6e, Fig. 9b), 998 (Fig. 9c) and 999 (Fig. 9d), resemble No. 788, 
but the fruit of No. 999 is longer than that of No. 998 and shorter than that of 
No. 788. The fruit of No. 830 is bulged at the bottom. 

No. 113 (Fig. 9c): the biggest fruit weighs about 15kgr; heart-shape ; surface 
smooth, red and green patterns, and spongy at over-ripening; pulp yellow-white, 
edible with good quality, but not sweet enough. 

The fruits of Nos. 112, 706, 782, 824 and 1000 have non-powdery surfaces, 
hard pericarps, and the pulp is fibrous and not edible. For these characteristics 
these strains can be identified as C. Pepo. The fruits of Nos. 788, 830, 998 and 
999 have powdery surface, and the pulp has a smell characteristic to C. moschata. 
Therefore these strains can be recognized as C. moschata. The fruit of No. 113 
has non-powdery surface, and farinaceous pulp. This will be identified as C. 
maxima, 

More than 30 species belong to the genus Cucurbita. In general, the seeds 
of the KUSE strains of Cucurbita were collected from the fruits used for the 
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a, No. 788 b, No. 830 








d, No. 999 e, No. 113 


Fig. 9. Fruits of respective KUSE strains grown in Kyoto, Japan 


common food by the natives. Those native varieties would have been introduced 
from the Oriental and European countries through the communication exchanges 
or would have been established there by the selection by the native people during 
the long run of years. 


5. Disease resistance _ 

If any of the introduced strains with strong resistance against diseases were 
found, they could be used for breeding purposes. For this reason no fungicide was 
applied during cultivation. For comparison, C. moschata, C. maxima and C. Pepo, 
and wild species were planted side by side. Because of the high humidity in 
Japan, susceptibility to diseases was thought to be high in general. 
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e, C. pririoform 





ms wi 





b, Shina-wase (Chinese-Early) 





c, Brazil g. Brazil 


Fig. 10. Growing habits and fruits of respective species 
and varieties in Kyoto, Japan 


No. 112 was susceptible to mildew. No. 1000 showed necrosis as the tem- 
perature rose. Nos. 706, 782 and 824 showed no difference from the Japanese 
varieties. Nos. 788, 830 and 998 showed slightly stronger disease resistance than 
others. No. 999 had stronger disease resistance than the resistant Japanese variety, 
“Tsurukubi”. However, the disease broke out in No. 999 during the high tempera- 
ture season in Japan, though the damage was not so severe as in the case of the 
Japanese variety ‘“Kikuza”. No. 999 was as resistant as the variety “ Brazil” 
(Fig. 10c, g), but it is questionable whether it is useful for the cross-breeding 
with the Japanese variety. No. 113 is highly resistant. 
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6. Heat tolerance 


The area of Iran and Afghanistan where the materials were collected lies on 
the latitude of middle Japan. The temperature is highest in July and August and 
lowest in December and January, and the temperature difference during each 
month is only 2~3°C. But the distribution of the lowest precipitation is different. 
The absolute precipitation is low there, but high in Japan. 

All the collected examples, except No. 113, showed either the same or only 
a slightly lower heat tolerance as the Japanese varieties. 

C. maxima grows best in a rather cool climate. Usually it shows a lower 
heat tolerance than the other species in Japan. No. 113 showed a very high heat 
tolerance. No decline in growth was observed even at the height of summer. 
This characteristic of No. 113 makes it possible for a breeding purposes of pump- 
kins in Japan. 


7. Node position of male and female flowers 


One of the recent breeding requirements is earliness, especially in forcing 
cultures. The earliness is known to be correlated to the lower node position of 
female flower. 

C. Pepo (Nos. 112, 706, 782, 824, 1000): As shown in Table 5, the first female 
flower on the main vine in the bush-type tends to require fewer days from sowing 
until flowering than that of vine-type. The same relation in earliness between 
bush-type and vine-type was also observed in the Japanese cultivated C. Pepo. 
The first female flower of the Japanese bush-type variety flowered in 95 days, a 
little earlier than the introduced examples plants. Whereas the Japanese vine-type 
variety took approximately 78 days. No. 112 flowered 17 days earlier than the 
Japanese variety. 

In conclusion No. 113 is inferior to the Japanese varieties in respect to the 
earliness of female flower initiation. 

C. moschata (Nos. 788, 830, 998, 999): The introduced strains of C. moschata, 
are supposed to correspond to the domestic late maturing variety “ Tsurukubi”. 
The node position of the first female flower on the main vine was 2~7 nodes 
higher and flowering was 17 days later than the early maturing Japanese varieties. 
Also in the branch vine a similar tendency was observed: namely the first female 
flower position was higher by 1~14 nodes and the flowering date delayed by 14~ 
22 days. These strains are inferior to the present Japanese varieties for maturing, 
quality of pulp, disease resistance, heat tolerance and some other characteristics. 

It would be possible to lower the female flower position of the cultivated 
bush-type varieties by crossing the C. Pepo strain with No. 824 or No. 112, the 
vine-type, which flowers more than two weeks earlier than the cultivated var- 
ieties. In the strains of C. maxima and C. moschata no useful characters for the 
present breeding purposes were found. 


Table 5. Node position of flowers and flowering date (Date of sowing: April 13, 1956.) 



































suryduing 




















Main vine Branch vine 
Material No. First female flower First male flower Interval of First female flower First male flower Interval of 
"Node | Flowering| Node | Flowering| g®™2/&, | Node —) Flowering | Node] Flowering] gcmale, 
= position date position date position date position date 
112 10 June 12 4 June 20 3. 89 9 June 13 | 1 July 12 3. 40 
706 13 ” 22 1 July 3 3. 67 11 o | 1 ” 3 3.00 
782 9 2 20 2 June 14 3. 00 3 July 12 1 ao 2 3. 00 
824 4 a” 14 1 7” 6 3. 20 4 7 il | 2 2 14 3. 00 
1000 15 a 2 5 a” TA 3. 31 9 June 23 1 o 3 4. 50 
788 15 July 6 3 July 10 5.15 14 July 12 1 “” 15 5. 33 
830 16 a” 7 3 June 28 4. 86 8 o 8 1 2 10 3. 57 
998 15 o 7 3 July 7 4.71 5 ” 9 1 4 15 3. 57 
999 19 2 10 2 7 8 4, 00 11 4 14 1 | 2 15 3.72 
113 re 23 ile oe . | - i | ie 2 | | @ a is a és al . : i Steer sees 
fe 











* Average number of internodes between female flower bearing nodes. 


122 
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8. Sugar content 

All the introduced strains showed a lower rate of sugar content than any of 
the Japanese varieties. The apporximate average sugar content was 4 percent in 
the varieties of C. Pepo while the variety, “Uccon”, had a high rate at 8 percent. 
The strains of C. moschata. showed higher than 10 percent, for instance “ Brazil” 
10.9, and “Tsurukubi” 11.0. Among the introduced strains, No. 708 had the 
highest content at 9.2 percent. The percentage in “Mammoth”, was low at 2.5~ 
5 percent. No. 113 showed rather higher rate at 4.4 percent. Because of the lower 
sugar content in fruits of all the introduced strains, they will be of little use in 
Japan. 


Conclusion 


The area explored by the KUSE has been considered to be the centre of the 
origin of horse beans, peas, radish, carrot, spinach, Afghan-turnips and melons, 
but not to be the centre of the origin of pumpkins. For this reason the collected 
samples of pumpkins by the KUSE are of great interest. However, No. 1000 was 
the only one which showed some characteristics akin to the wild species, though 
it is not clear yet if it is really from the wild source. 

The area of collections had been the historical place for communication 
between Oriental and European countries and therefore the present day varieties 
of the area would have been the ones introduced or established by the crossing of 
the original ones. The strains, which are recognized as C. moschata are close to 
the variety “ Tsurukubi” cultivated in Southern Japan, Taiwan, Southern China, 
Philippines, Cambodia and India. This must be of Oriental origin. This resembles 
also the variety “Brazil”, which is cultivated quite widely in Brazil and is sup- 
posed to have been introduced from the Orient. 

Bisexual flowers occurred as the temperature rose in No. 788 frequently. 

No. 782 and 824, recognized as C. Pepo of bush-type, will be included in the 
Vegetable Marrow-group. They are closely related to “Chinese-Early””, which is 
cultivated in Japan with the name “ Noodle-pumpkin”. The leaves of Nos. 782 
and 824 have slightly long-triangle shape, which is one of the characteristics found 
in C. foetidtssima (Fig. 10a), an ancestral form of C. Pepo. There are varieties 
with long-triangle leaves in the Vegetable Marrow-group. Accordingly, those 
strains must have been introduced from America through Europe. 

No. 112 will be recognized as C. Pepo var. ovifera and is similar morpholo- 
gically to C. ovifera, which was obtained from the Botanical Garden Salada, 
Czechoslovakia. No. 706 is morphologically similar to C. Pepo var. piriformis, 
which was obtained from the Department of Arts and Sciences, University of 
Warsaw, Poland. 
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The surface of a young fruit of No. 1000 is very much similar to that of 
wild pumpkin. The ripe fruit is not edible. 

No. 113 belongs probably to the Mammoth-group. Its taste is not good but it 
will be useful for breeding a fodder variety since it is highly heat tolerant, and it 
flowers and bears fruits normally even during the hot summer season. 


Summary 


The present paper deals with the investigations on the materials of pumpkins 
collected by the Kyoto University Scientific Expedition (KUSE) to the Karakoram 
and Hindukush in 1956. The purposes were (1) to determine what species or 
varieties they belong to and (2) to find the useful characteristics for breeding 
purposes in Japan. The investigations have been carried out during three years 
from 1956 in the Department of Olericulture, Faculty of Agriculture, Kyoto Pre- 
fectural University, Kyoto, Japan. 

(1). The data of the morphological studies will be summarized as follows: 











Material No. Species Group Related to 
112 C. Pepo L. Vegetable Marrow C. ovifera 
706 ao a C. piriformis 
782 a a Chinese-Early 
1 
824 ta 4 2 
1000 4 Wild | C. cucurbittela 
788 C. moschata Ducu. ; Tsurukubi Tsurukubi 
830 a “ao a 
998 ao ao ; a 
999 a a a 
113 C. maxima Ducu. Mammoth Mammoth, Fodder pumpkin 











(2) On the whole there was no marked variety with strong disease resist- 
ance, except No. 113. No. 113 showed also strong heat tolerance. Its growth did 
not decline even in the height of summer. This strain will be useful for the 
breeding of Japanese varieties. 

(3) Node position of the first female flower and days from sowing to the 
first female flower, or earliness: 

C. Pepo strains: the bush-type strains did not show any difference from the 
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Japanese cultivated varieties, while No. 112, a runner variety, flowered 17 days 
earlier than the Japanese varieties. 

C. maxima strains: were inferior to Japanese varieties. 

C. moschata strains were the same as C. maxima. 

(4) The node position of the first female flower was somewhat lower in all 
the strains than the Japanese varieties. It was lowest in No. 824. 

(5) The sugar content of fruit was lower in all the strains than the Japa- 
nese varieties. 

(6) All the materials used in the present experiments were the cultivated 
varieties collected from several districts in Afghanistan and Iran. They are sup- 
posed to have been introduced the during communications between the Orient and 
Europe or established by the natural crosses among them after their introduction. 
The material No. 1000 showed some morphological characteristics akin to wild 
species, but it is difficult to say whether or not it is really a primitive form. 
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Cucumbers from Pakistan, Afghanistan and Iran 


Noriyuki FUuJISHITA 


Department of Horticulture and Agriculture, College of Agriculture, 
University of Osaka Prefecture, Sakai, Japan 


In the present paper, morphological and ecological characteristics of eight 
strains of cucumber collected from Pakistan, Afghanistan and Iran by the Kyoto 
University Scientific Expedition (KUSE) to the Karakoram and Hindukush in 1955 
are described in comparison with the Japanese varieties. The studies have been 
carried out in the Department of Horticulture and Agriculture, College of Agricul- 
ture, University of Osaka Prefecture, Sakai, Japan. 


Material and Method 


The cucumbers employed for the present studies are listed in Table 1. Among 
the Japanese varieties, “ Taiwan-kema” belongs to a new hybrid strain related to 
the cucumber bred in North China, and “ Daisen-fushinari No. 1” belongs to a 
strain in South China. The former is grouped as the summer variety and the 
latter as the spring variety in Japan. 

Observations of the characters were made on the materials which were sown 


Table 1. List of cucumbers collected from Pakistan, 
Afghanistan and Iran 





Material No. i Locality | Collector 
110 Kabul, Afghanistan H. KiHArRA 
768 Tehran, Iran K. YAMASHITA 
806 “ao ao a 
822 a a t 
1004 Kandahar, Afghanistan S. KITAMURA 
1006 Mazar-i-Sharif, a 4 
1153 Skardu, Pakistan S. NAKAo 
1156 Lahore, a “ao 
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on March 16 and transplanted on April 13, 1956. Eight plants of each strain were 
planted at the distance of 45cm in 60cm wide rows according tu the randomized 
method in a greenhouse. The main vine was grown vertically and prunned when 
the 20th leaf expanded, so that the lateral vines grew strongly. Several pistillate 
flowers of a plant were selfed artificially or cross-pollinated. Three fertilized 
fruits were allowed to grow to full maturity on each plant and the others were 
thined out. 


Observation 


Results of observation are summarized in Tables 2 and 3. 

1) Seed characters 

Seeds and cotyledons of the KUSE cucumbers were larger than those of any 
Japanese varieties. 

2) Leaf characters 

Size of the leaf was measured from the blades of the ninth to the 11th node 
on main vine. Leaves of the KUSE cucumbers were larger and more sharply 
pointed, but no conspicuous difference was seen in the proportion of the width 


a ¥ b c ’ 
% ¥ % 
g h ' 1 
Fig. 1. Shape and size of leaf x1/10 


a, No. 1153, b, No. 1156, c, No. 110, d, No. 768, e, No. 822, 
f. No. 806, g, No. 1004, h. No. 1006, i, ‘‘ Taiwan-kema” 
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Table 2. Characteristics of cucumbers collected from Pakistan, 
Afghanistan and Iran 
| KUSE material Jap. var.) 
Item 
| 110 768 806 822 1004 1006 1153 1156 | Tk Df 
Seed : 
length (mm) 11 12 12 12 14 13 10 10 9 8 
width (mm) 4 4 4 4 5 5 4 4 4 4 
100 seeds weight (gr) 3.1 40 42 43 44 39 33 31 {32 3.1 
Viable seeds per fruit 281 229 208 203 302 268 276 = 521 68 201 
Cotyledon : 
length (mm) 51 64 68 60 71 50 58 52 46 45 
width (mm) 25 29 30 27 29 25 28 29 23 23 
Leaf: 
length (cm) 20 24 24 23 23 23 22 22 20 19 
width (cm) 24 26 26 28 29 26 25 26 24 23 
Vine: 
internode length (cm) 9 7 6 9 10 9 9 10 ll 10 
thickness (mm) 8 7 6 8 9 7 7 7 7 7 
plant height (m) 1.7 #2143 «211 #L5 4L9 18 #17 «21.7 2.2 1.6 
Ovary: 
length (mm) 18 20 16 16 22 22 21 22 40 26 
diameter (mm) 7 7 6 7 8 6 7 9 5 5 
spine color® B B B B B B B B WwW B 
Fruit of marketable size: 
skin color® DG DG G LG G G G LG DG LG 
fruit surface® Ww RW Ss S RW RW WwW S WwW WwW 
Fully matured fruit for seed: 
skin color® Br OB Br YB Br Br BB YB YB Br 
weight (g) 410 580 640 630 970 870 790 670 | 660 630 
length (cm) 14 17 16 16 20 23 19 16 44 32 
diameter (cm) 8 8 9 9 10 8 9 9 5 6 
length/diameter 1.8 2.1 #18 #18 20 29 21 «1.8 8.8 5.3 
netting” H S H H H H H H N S 
flesh thickness (mm) 12 15 16 17 19 16 16 13 12 13 
pedicel length (mm) 31 24 24 33 30 31 28 48 60 42 
1) Tk: “Taiwan-kema”, Df: “ Daisen-fushinari No. 1”. 
2) B: black, W: white, LG: light-green, G: green, DG: dark-green, Br: brown, 


OB: orangeish-brown, 


4) H: heavy, S: slight, 


YB: yellowish-brown, 
3) W: warty, RW: rather warty, 
N: none. 


S: smooth. 


BB: blackish-brown. 
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Table 3. Flower-bearing habit in cucumbers collected from Pakistan, 
Afghanistan and Iran 





KUSE material Jap. var, 
Item 
110 768 806 822 1004 1006 1153 1156 Tk Df 








Main vine: 

Node location - 7 ae 1 1 1 1 1 1 3 2 1 1 
se hea rats ing to flow | 44 44.4344 5588 5053 
Nae ET esl, “ie “@- Sets Wom aa Say 8) “ages 
Days after sowing to flow) sg 47 42 52 53 58 54 —”/ 61 @2 


ering of Ist female flower 


Number of nodes with 
female flower! 


Number of nodes with 
male flower» 


23 20 37 20 33 20 410 0 2.0 15.0 


22.7 23.0 21.3 23.0 21.7 23.0 22.0 24.0 23.0 10.0 





Revert all nedes cop | 2 80 148 80 132 80 40 0 | 80 60.0 


Lateral vine: 


ae es 6.0 57 57 67 83 40 83 120 | 8&5 31 


Nummbersot nodes Mn og. |) 2a “ata. iE. AO. a ig. 728 - =20 21 12 


Mumpersok modes Wil | aS’. Sk abe BA seh: as 66e cUHE 93 0 


ee CoD 21.8 18.2 34.9 22.7 17.7 27.1 32.7 14.4 | 184 100 


Rate of lateral vines with 
female flower on lst node 55 30 78 44 16 90 83 68 61 100 
to all lateral vines® 


Days from sowing till 


expanding the 20th leaf 64 59 54 61 64 64 49 53 67 = 
on the main vine 








1) Observed up to the 25th node on main vine. 
2) Counted when the 20th leaf expanded on the main vine. 
3) No female flower was found by the end of the present investigations. 


to the length between the KUSE cucumbers and the Japanese varieties. Middle 
lobes of the leaves in Nos. 768, 822 and 1006 were more prominent and pointed 
than in the other materials. 

3) Vine characters 


Observations were made between the tenth to the 15th nodes on the main 
vine, and the height of plant was measured when the 20th leaf expanded. 
Generally, the vines of the KUSE cucumbers were rougher and thicker, and the 
internodes were relatively shorter than the Japanese varieties. The internode 
of the shortest strain, No. 806, was approximately half that of “ Taiwan-kema”, 
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and therefore the plant height in the former was about one meter less than the 
latter. 


4) Inflorescence 


All the cucumbers used in the present study were monoecious, bearing stami- 
nate or male flowers and pistillate or female flowers. Pistillate flower occurred 
singly, and the staminate flowers occurred in a cluster on a node. Two kinds of 
flowers rarely occurred on the same node. The flower organs of the KUSE 
cucumbers were larger than the Japanese varieties. 





Fig. 2. Immature fruits 12~14 days after flowering. 
Magnifications: a~f x1/2, g x1/4, h x1/3 


a, No. 768, b, No. 806, c, No. 822, d, No. 1004, e, No. 1153, 
f, No. 1156, g. ‘“ Taiwan-kema”, h, ‘“ Daisen-fushinari No. 1” 
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f g h 


Fig. 3. Fully matured fruits x1/6 


a, No. 110, ‘b, No. 768, c, No. 806, d, No. 822, 
e, No. 1004, f, No. 1006, g, No. 1153, h, No. 1156 


5) Fruit characters 

Ovaries of the KUSE cucumbers were very much shorter in length and 
thicker in width on the day of flowering than the Japanese varieties, Accordingly, 
their mature fruits were thick-cylindrical, while those of the Japanese varieties 
was slender- or very slender-cylindrical. 

Spines of collected cucumbers were all black in color, fine in size, and few in 
number, The appearance of the immature fruits varied considerably in shade of 
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Fig. 4. Fully matured fruits x1/6 


a, ‘“Taiwan-Kema”’, b, ‘“Daisen-fushinari No. 1” 


skin color, presence of stripe, roughness of the surface, and turning to yellowish- 
or blackish-brown at maturity. Netting of fully mature fruit was heavy in most 
of the KUSE cucumbers, but none or slight in the Japanese varieties. Pedicel 
was shorter, and flesh of fruit was remarkbly thick, especially in Nos. 1004 and 
822. 

6) Growth habit in a greenhouse 

Generally, the KUSE cucumbers were vigorous and grew earlier. The forma- 
tion of lateral vines varied from few to numerous. The cultivation was easy in 
a greenhouse during the spring time. 

7) Flower bearing habit 

The first staminate flower occurred on the first node on the main vine in 
most strains. Node locations of the first pistillate flower on the main vine varied 
with strains, for instance, in No. 806 it was the sixth and in No. 768 the seventh, 
both being lower than in the Japanese varieties. All the KUSE strains, with the 
exceptions for the Pakistan ones, produced two to four nodes with pistillate 
flower on the main vine up to the 25th node. In No. 1153 from Pakistan a pistil- 
late flower occurred at only one node, while no pistillate flower was recognized 
on the main vine in No. 1156 by the end of the observations. In the Japanese 
varieties, for instance in “ Daisen-fushinari No. 1”, a pistillate flower was formed 
on every node successively from the first node with pistillate flower upwards. 
Accordingly, the number of nodes with functional pistillate flowers amounted to 
15 on the main vine. In “Taiwan-kema”, which produces the fruit on the first 
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node on the lateral vine, only two nodes with pistillate flower were observed on 
the main vine. 

Bearing habit of pistillate flowers on the lateral vines greatly differed among 
strains. For instance the rate of the number of nodes with pistillate flowers to 
the total number of the nodes on a lateral vine was 14 per cent in No. 1156, 
while it was 35 per cent in No. 806. The same with “ Taiwan-kema” was about 
18 per cent, while in “ Daisen-fushinari No. 1” a pistillate flower was produced 
on every node on every lateral vine. 

Flowering dates of both pistillate and staminate flowers of the KUSE cucum- 
bers were earlier than the Japanese varieties. The tendency was most striking in 
No. 806. 

8) Crossing experiments 

Many viable seeds were obtained in all reciprocal crosses between the KUSE 
cucumbers and the Japanese varieties. Number of seed per fruit in “ Taiwan- 
kema” was few both in crossing and selfing. All the KUSE cucumbers did not 
develop fruit normally without pollination. 


Consideration 


The KUSE cucumbers seemed to be not suitable for practical cultivation in 
Japan, because of thick cylindrical fruit shape and skin color that turns early 
which is not popular in markets. However, the new bush- or dwarf-type will 
possibly be used for forcing cultures under glass, plastic film or cloche, which will 
possibly be developed from the crosses between No. 806 with short internode and 
the Japanese varieties. 

Botanical or horticultural classification of the KUSE cucumbers is not clear, 
because no cross incompatibility has been found among the botanical varieties 
of Cucumis sativus, and many of their characters are common. Furthermore, the 
origin or history of the KUSE examples in respective habitats is uncertain. 
Most of them, however, resemble var. sikkimensis (a Sikkim cucumber) cultivated 
in the Himalayan Mts., better than var. anglicus (an English forcing cucumber). 


Melons from Pakistan, Afghanistan and Iran 


Noriyuki FUujISHITA and Yasaburo ODA 


Laboratory of Vegelable Crops, College of Agriculture, 
University of Osaka Prefecture, Sakai, Japan 


Introduction 


Muskmelon has been grown as a glasshouse crop in Japan for about 60 years 
but its commercial culture is of comparatively recent development. Numerous 
varieties of melons have been introduced from Europe, especially from England. 
The most popular type of muskmelon on the Japanese market is one with green 
flesh, globular and heavily netted fruit, that is Earls Favourite (Fig. 1). The 
history of the commercial melon culture of Japan has begun with the Earl’s 
Favourite. This was developed by Carters Seed Co. Ltd. in England, and was 
introduced to Japan by K. Harapa in 1924. However, Earl's Favourite has not 
been suitable enough because of its late ripening, poor keeping quality, lack of 





Fig. 1. ‘Earl's Favourite” well netted, globular fruits 
with pedicel in packing case on Japanese market 
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flavor, and difficulty of pistillate flower formation under the long-day and high 
temperature conditions in summer. The improvement of melon by means of cros- 
sing using this variety, has been attempted by many breeders, and consequently 
two varieties, “Okitsu” and “Pearl”, were released in 1948. But still they did 
not meet the market preference. 

In 1955, the Kyoto University Scientific Expedition (KUSE) to the Karakoram 
and Hindukush, introduced melon seeds from Pakistan, Afghanistan and Iran. It 
has been thought that melon is indigenous in central Asia and Africa, and that 
the area including Pakistan, Afghanistan and Iran is one of its original centers. 








Osaka, Japan 


100 


Tehran, Iran 


Nose J Quetta, Pakistan 





Jan. Apr. Jul. Oct. 


Fig. 2. Monthly trends of the average rainfall in Osaka, 
Tehran and Quetta 


Tehran, Iran 


20 





Jan. Apr. Jul. Oct. 


Fig. 3. Monthly trends of the mean temperature 
at the same locations as Fig. 2 
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The area is located between the latitudes of 29°N to 40°N. Japan lies between 
the latitudes of 30°N and 45°N. Temperature and rainfall are shown in com- 
parison in Figs. 2 and 3. There is a marked difference in rainfall, especially during 
June, July and September. Due to the high humidity Japan may be unfavorable 
for the cultivation of melons introduced from such arid area. 

The present studies have been designed to compare those KUSE strains with 
the Japanese leading varieties under glasshouse conditions, and to find characteris- 
tics useful for the improvement of muskmelon in Japan. The present studies 
have been conducted in a glasshouse of the Department of Horticulture and 
Agriculture, College of Agriculture, University of Osaka Prefecture, Sakai, Japan, 
1956 ~ 1957. 


Material and Method 


The materials of the present studies are 31 strains of melon (Cucumis melo 
L.) brought to Japan by the Kyoto University Scientific Expedition (KUSE) to 
the Karakoram and Hindukush in 1955, and Earl’s Favourite (Cucumis melo L. var. 
veticulatus Naup.). The KUSE materials are presented in Table 1. 


Table 1. Strains of Cucumis melo used 











Paes Locality | Remarks by KUSE 
76 ON Skardu, Pakistan ! 
82 N | Minapin, a 
lll K Kabul, Afghanistan | 
150 K a a | 
242 K Shahrud, Iran Fruit round, green stripe, flesh white, sweet 
505 K Gorgan, x aaa skin yellow-green, flesh red, taste 
506 K Shahrud, a Fruit round, skin yellow-green, flesh white 
507 K 4 4 Fruit round, skin light-green, flesh green, sweet 
508 K Sari, a Fruit round, skin yellow, flesh red 
701 Y Haibak, Afghanistan | Fruit flate, flesh green, netted, good quality 
702 ¥ * t | 
705 Y Mashhad, Iran Fruit round, netted 
707 Y Nishapur, ao 
764 =Y Tehran, a 
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Table 1 (Continued) 





766 Y Tehran, Iran 

770 Y¥ ao a 

775 Y a “ao 

776 Y a a 

980 KT Kabul, Afghanistan | Skin black 

981 KT Quetta, Pakistan Fruit oblong, flesh salmon-pink 

982 KT a a Fruit oblong, skin yellow-green, flesh green 
983 KT a a Skin yellow, rib dark-green, flesh salmon-pink 
984 KT 4 a Fruit round, flesh salmon-pink 

985 KT t a Fruit round, flesh pale-green 





986 KT Kandahar, Afghanistan 
987 KT Mazar-i-Sharif, “a 


988 KT a ao Fruit round, large 
989 KT a a Fruit round 
990 KT Pakistan Fruit oblong, skin yellow-green, slightly acid 


1003 KT Kandahar, Afghanistan 
1005 KT Mazar-i-Sharif, 4 











* N: S. Nakao, K: H. Kinara, Y: K. Yamasnita, KT: S. Kitamura. 





Fig. 4. Commercial glasshouse culture of melon ‘“ Earl’s Favourite” in Japan. Main vine 
grown vertically was prunned at the 20~25th node, and only one of the 10~15th 
lateral vines bearing fertilized fruit was left per plant and others were 
thinned out. a. At harvest time b. At flowering time 
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The Japanese common procedure of cultivation was applied throughout the 
present investigations (Fig. 4). Seeds were sown in flats containing sterilized sand 
in a glasshouse on March 14, 1956, and after six days seedlings were transplanted 
into 12cm clay pots one by one. When the third true Icaves expanded, they 
were planted in a bed of a fertile loam in a glasshouse at 45cm distance in 45cm 
wide rows, arranged randomly. Observations were made of three plants in cach 
strain. 

In 1956, the crosses were made between the KUSE strains and Earl's Fav- 
ourite and the F, seeds were sown in the glasshouse on February 13, 1957. Ten 
plants of each of the F, hybrids between Nos. 82, 111, 150, 242, 701, 705, 981, 1003 
and Earl's Favourite, and ten plants of the parents were employed for the present 
investigations. 


Results and Consideration 


A. Morphological and ecological observations 
1. Fruit characters: 
(a.) KUSE strains—The fruits were harvested when the symptom of abscis- 
sion was seen around the attachment (Fig. 5) known as “Full-slip’”. While, no such 





b 


Fig. 5. Comparison of shed and unshed melon fruits at maturity 


a. Earl’s Favourite 
b. F, between No. 701 and Earl's Favourite. The crack 
of abscission completely encircled the attachment. 


symptom was noticed in Earl's Favourite, Nos. 111, 242 and 1005. Those adherent 
type fruits were harvested when skin color changed. The fruits were weighed, 
and soluble solids content in the juice was determined by a hand refractometer. 
Other characteristics such as flavor, color and texture of flesh, etc., were examined 
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Table 2. Characteristics of fruit (1956) 


Item Earl’s_ | No. 79 | No. 82 | No. 111 | No. 150 | No, 242 


Days from flowering 
to harvesting 


Slip at maturity 

Crack at maturity 
Shape 

Diameter (cm) 

Length (cm) 

Weight (gr) 

Color of skin 

Net 

Rib 

Pubescence at maturity 


Diameter of blossom scar 
(mm) 


Thickness of flesh (cm) 
Color of flesh (inner) 
Soluble solids** 

Flavor 

Quality of flesh 

Acid taste at maturity 
Bitterness of immature fruit 
Length of pedicel (cm) 


* : Segregated. 
4* + Refractometer index. 





Favourite 
53 
none 
none 
globular 
13 
14 


1400 


grayish- 
green 


dense 
none 
smooth 
15 


3.1 


yellowish- 
green 


12.0 


musky- 
weak 


fine 
none 
none 


1.3 








46 
easy 


none 


globular 
or club* 


11 
17~23* 


1000 


creamy- 
white 


none 

none 

heavy 
5 


1.3 


salmon- 
pink 


6.5 


musky- 
weak 


juicy 
none 


none 


4.0 





40 


easy 


rather 
easy 


oblong 
9 
19 


900 


orange- 
yellow 


sparse 


deep or 
none* 


heavy 
17 


1.6 


salmon- 
pink 


7.0 


squash- 
like 


coarse 
none 
bitter 


8.0 





47 
none 


none 


cylindri- 
cal 


9 
160 


4000 


creamy- 
white 


none 
furrowed 
none 
5 
1.8 
white 


2.0 
cucumber- 
like 
mealy, 
inedible 


slight 
none 


5.7 





42 
easy 
easy 

oblong 

ll 

17 


1000 


yellow- 
blotchy 


sparse 
none 
heavy 
2.8 
1.9 
orange 
10.0 
musky 
rigid, 
juicy 
none 


none 


2.0 





45 
none 
none 

flat 

15 

12 
1400 
yellow 
none 
none 
smooth 
18 
2.3 


white 


musky- 
weak 


fine, 
juicy 
none 


none 


2.3 





at the same time. They varied considerably in shape, size, appearance and other 
characteristics. The data are given in Table 2. The fruits with typical forms 
have been photographed as shown in Figs. 6 and 7. 

In general, the KUSE strains showed the characteristics of pubescent fruit 


Table 2. (Continued) 


Melons 

















No. 505 No. 506 No. 507 No. 508 
36 38 36 37 
easy easy | easy easy 
easy easy | easy easy 
oblong globular globular globular 
12 15 14 11 
19 16 ' 14 ll 
1100 1500 ( 1200 700 
yellow yellow yellow yellow 
sparse sparse sparase sparse 
none shallow deep deep 
heavy heavy heavy heavy 
9 18 7 19 
2.3 20 1.9 2.3 
ane white | ee aki white 
7.0 3.0 5.0 11,0 
musky musky | musky musky 
_ = coarse ee 
none none | none none 
none none none none 
2.0 3.0 2.5 | 1.5 





| 





No. 701 | No. 702 | No. 705 | No. 707 
a ee 40 
easy easy | easy easy 
easy i easy | none | none 
flat flat | globular | globular 
13 “uo ou 8 
10 i ok aes 9 
900 | 1000 1100 | 400 

Be ee ae | selon 
dense | dense | dense | none 

shallow | shallow | deep | none 
heavy | heavy heavy | heavy 
12 14 26 | 16 
1.8 1.8 1.9 0.9 
hte: |) ae Oe) eee | eae 
8.0 90 | 5.0 4.0 

musky musky | musky musky 
: ! 

sae | Sige | hier | 
none none none none 
none none | bitter none 
3.0 3.0 3.3 3.0 











surface, long pedicel, crack at maturity (Fig. 8), low sugar content, and thin flesh 
of poor quality. Bitterness in immature fruit and acid taste in mature fruit 


were found in some strains. 
under Japanese climatic conditions were extremely inferior in appearance and 
quality. Namely they had a tendency to crack or split at maturity, and the flesh 


Furthermore, it was known that Pakistani melons 
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No. 764 No. 766 No. 775 No. 776 No. 980 No. 981 No. 982 No. 983 
43 34 38 41 a 36 41 39 
easy easy easy easy easy easy easy easy 
none easy easy none none easy none easy 
globular oblong 
oblong or oblong* globular globular flat oblong or club* oblong 
12 12 13 12 12 9 8 ll 
16 15 13 12 8 18 15 19 
900 1100 1000 800 600 700 500 900 

yellow- Orange: orange- orange- orange- 
blotchy yellow or yellow yellow brown yellow yellow yellow 
yellow 
ae sparse dense dense none none none sparse 
deep or shallow 
none one deep deep none shallow deep ee none® 
ney . ne pean i heavy heavy smooth heavy heavy raw 
5~27* 6~26* 50 7 40 3 5 10 
2.0 1.9 1.9 15 1.6 1.5 Ae 14 
pale-green 
pale-green 
\ salmon- salmon- or salmon- 
or salmon- white pink pale-green green pink SAlmone pink 
pink : 
pink* 
7.0 4.0 5.0 5.0 8.5 8.0 3. 5~7. 5* 8.5 
musky- Makuwa- | Makuwa- | Makuwa- | Makuwa- 
musky | weak musky | musky like like like like 
coarse, 

—_ _— coarse juicy — mealy mealy mealy 
none none none none none none none slight 
bitter bitter none none bitter bitter bitter bitter 

3.6 3.0 2.0 1.6 8.1 4.8 3.5 4.6 





was dry or mealy and unpalatable. 
ting or ribbing, and flesh color were found in several strains. 




















Segregations for fruit shape, skin color, net- 


(b.) F, hybrids—The data of observations on the hybrids between eight 
KUSE strains and Earl’s Favourite and the parents grown in 1957 are shown in 
Table 3. The shape of the mature fruits of F, hybrids seemed to be intermediate 
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Table 2. (Continued) 


































| 
No. 984 | No. 985 | No. 986 | No. 987 Po 988| No. 989 | No. 990 | No. 1003 | No. 1005 
pe U 
| ee oe 
33 35 — 45 — 45 | 39 ; 37. 37 
| ; 
easy easy easy — | _ easy easy | easy | none 
! \ 
none none easy 2 Te none | none none none 
flat oblong oblong oblong oblong | oblong | oblong cylindrical! cylindrical 
| 
12 10 14 7 | 9 | 1 | SAt*! 9 | 9g 
i 
i 
10 20 17 15 | 15 | 17 | 13~18* | 44 | 104 
700 900 1700 | — | — } 700 |200~1000", 1500 | 2400 
: orange- | orange: | - 
Salpe yellow | yellow- —- j= | yellow- {; yellow | Steere: green 
blotchy | | blotchy | 
sparse none sparse | sparse | — | sparse none | none | none 
i ; { 
| | ! : 

Gr ore none none shallow | — | none | deep | none | none 
smooth heavy sparse heavy | heavy heavy heavy heavy smooth 
39 7 31 10 16 21 2~18* 2 3 

| 
1.5 14 2.2 1.0 = 1.0 | 1.5 | 1. | 14 
white or 
a salmon- green white _— aS white white Se 
pink* | 8 | pin 
8.0 4.0 4.0 5 — ee 4.0 5.5 | 25 
i i | i 
Makuwa- | Makuwa- | : Makuwa- ; Makuwa- | Makuwa- | cucumber 
FUER dikes | ee A ike. VS ok tke like | like -like 
mealy — — mealy — juicy juicy rigid | rigid 
| | i : 
none none none none _ | none slight slight | slight 
bitter none none none —_ none bitter none none 
| | 
5.0 4.5 3.0 4.3 2.2 2.5 4.5 8.3 5.6 











between the parents. The bitterness of immature fruit was a dominant character. 
Appearance of fruit, length of pedicel, content of soluble solids and thickness of 
etc., varied with combinations of parental strains used, and it seemed that those 
flesh characteristics are controlled by multiple genes. In F, hybrids of the com- 
binations of salmon-pink flesh (for example, No. 150) and green flesh (Earls 
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Fig. 6. Representative fruit forms of Earl’s Favourite and the KUSE strains 


a~h. Netted melons (var. veticulatus Naup.): 

a. Earl’s Favourite, b. No. 776, c. No. 702, 

d. No. 507, e. No. 82, f. No. 775, g. No. 766, h. No. 986 
i~k. Winter melon (var. inodorus Naup.): 

i. No. 980, j. No. 242, k. No. 79 


Favourite), or white flesh (No. 242) and green flesh, flesh was tinted from green 
to salmon-pink or white adjacent to cavity. 

Genetical studies of C. melo were made by Lumspen (1914), McCLELLAND et 
al, (1921) and Rosa (1928). LuMspEN reported that yellow skin was dominant 
over white, round fruit over elliptical, and in F, these characteristics were segre- 
gated in an approximate ratio of 3:1. In the present investigation, an inter- 
mediate skin color was observed in most of the F, hybrids. 

With regards to netting, wide variations occured by the combinations of 
crossing. In the cross between smooth skin and netted one, for example, only a 
trace of net was observed around the peduncular end of the fruit. LumspEn and 
McCLELLAND ef al. obtained a similar result on this character and concluded that 
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Fig. 7. Representalive fruit forms of the KUSE strains and their 
Fy hybrids with Earl’s Favourite 


a, b. Snake melon (var. flexuosus Navn.) : 
a. No. 111, b. No. 1003. 
c~e. Undescribed miscellaneous varieties : 
c. No. 505, d. No. 984, e. No. 981 
f~i. F, fruits between the KUSE strains and Earl’s Favourite : 
f. No. 111 xEarl’s Favourite, g. No. 1003 x Earl’s Favourite, 
h. No: 981 xEarl’s Favourite, i. Left: No. 701, middle: F;, 
No. 701 x Earl’s Favourite, right: Earl’s Favourite 


netting was practically recessive. 

One of the aspects of the present investigations was the study on the utility 
of F, hybrids. Hybrid vigor was expressed in size and weight of fruit, thickness 
of flesh and sugar content. The utility of F, hybrid muskmelon was attempted 
by Scott (1932), Syopa (1936), Muncer (1942) and Kayiura (1948). Syopa and 
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Fig. 8. Heavily cracked F, fruits of Earl’s Favourite x No. 701 at maturity 


Muncer obtained a similar result as in the present investigation. ScoTT and 
KajyiurA, however, reported that muskmelon did not lose its vigor in growth even 
when it was inbred and that there was no indication of hybrid vigor. 

2. Flower characters: 

Corolla of C. melo L., either of pistillate or staminate flower, is generally 
bell-shaped, gamopetalous and five-lobed. The corollas of most of the KUSE 
strains were larger in size and deeper lobed than those of most of the commercial 
varieties including Earl's Favourite grown in Japan. F, hybrids showed the inter- 
mediate corolla types. 

Three to five staminate flowers are borne in clusters in the leaf axils except 
those occupied by the pistillate or perfect flowers. They have three stamens: 
two having two anthers and the rest one anther. The pistillate (Fig. 10, right) 
or perfect flower (Fig. 10, left) is borne solitary in the first, rarely second, axil 
of primary lateral vine (Fig. 9). 

The flower of most of the commercial varieties grown in Japan is andro- 
monoecious. During the pollination work in the early summer of 1956, ten of the 
KUSE strains, including Nos. 111, 981 and 1003, were found to be monoecious. 
No. 505 showed a segregation in respect to this character. In F, hybrids, monoe- 
cious was exhibited as dominant. Rosa (1928) reported that in muskmelon, 
monoecious was dominant over andromonoecious, and inherited simple Mendelian. 
FusisHiTa (1959) also reported the same result. Japanese commercial varieties of 
melon are andromonoecious without exception, and hence emasculation is always 
necessary for crossing. From this point of view the monoecious character found 
in the KUSE material would be useful in the breeding of Japanese melon in the 
future. 

The flowering time of pistillate flower on the 10th primary lateral vine, the 
node location with the first staminate flower on the main vine and other flower 
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Table 3. Characteristics of the fruits of F, hybrids and their parents (1957) 























' No. 82 0, 111 
— Favourite Berl er Te cee 
age 153 Wes) ae 140 
De coe re to 58 54 46 52 
Slip at maturity none easy easy none 
Crack at maturity none none none easy 
Shape globular oval oblong slender 
Diameter (cm) 12.0 11.3 8.6 9.2 
Length (cm) 11.1 17.2 17.3 33.2 
Weight (gr) 852 1063 562 1321 
Color of skin ee es eee 
Net dense sparse sparse none 
Rib none shallow deep see 
Pubescence at maturity smooth heavy heavy smooth 
Diameter of blossom ad i 19.8 7.4 8.8 4.5 
Thickness of flesh (cm) 2.8 2.1 1.2 1.7 
Color of flesh (inner) spaces pale-green ante Sane 
Color of cavity and placenta mellow lore ane ne 
Soluble solids* 
(inner flesh) 10.3 10.6 5.1 5.3 
(whole flesh) 8.4 8.1 3.9 4.3 
Flavor ee : musky squash-like ig : 
Acid taste at maturity none none none slight 
Bitterness of immature fruit none bitter bitter none 
Quality of flesh fine coarse coarse mealy 
Length of pedicel (cm) 1.2 3.2 | 7.0 3.5 





47 


none 
none 

cylindrical 

6.4 

85. 4 


1146 


creamy- 
white 


none 
furrowed 
smooth 
3,1 
1,2 


white 
salmon- 
pink 
2.9 
2.1 


cucumber- 
like 


slight 
none 
mealy 


3.9 





*: Refractometer index. 
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No. 150 x E. F. No. 150 No. 242 x E. F. No, 242 | No. 701 x E. F. | No. 701 
142 136 145 144 138 133 
55 a7 53 48 50 43 
rather easy easy none none easy easy 
easy easy none none easy easy 
oval oblong globular flat globular flat 
10.5 10.4 12.4 12.0 11.6 11.6 
12.8 15.0 12.3 9.7 11.9 9.5 
777 810 1064 684 812 604 
yellowish- yellowish- creamy- iiaw: creamy- yellowish- 
green blotchy yellow y yellow green 
sparse sparse slight none sparse dense 
rather- 
none none none none shallow shallow 
heavy heavy heavy smooth heavy heavy 
13.6 20.0 12.3 28.0 10. 8 19.8 
2.0 1.9 2.5 2.0 2.3 1.9 
green orange white white pale- green white 
aa orange white white white ai 
11.8 8.8 | 10.3 10. 2 10. 8 8.4 
10.7 7.1 7.9 8.4 9.4 7.0 
musk squash-like musky- musky- musky- musky 
y q weak weak strong 
none none none none none none 
none none none none none none 
fine rigid | fine fine sticky dHeky. 
1.1 21 | 1.3 2.0 1.6 2.1 

















Melons 247 


Table 3. (Continued) 








No. 705 x E. F. No. 705 : No. 981 x E. F. No. 981 No. 1003 x E. F. ! No 1003 
| | oo ee a 
141 i 140 138 { 135 136 133 
51 52 7 sk 41 6 43 
easy easy | easy . easy | easy | easy 
rather easy none | easy easy easy : none 
flat globular oblong ! oblong : slender cylindrical 
13.6 12.1 | 9.6 : 71: 10. 4 . 6.6 
\ 
12.4 12.0 15.6 | 16.0 | 18.9 46.6 
838 875 | 757 382 1147 | 775 
creamy- creamy- | creamy- | yellowish- creamy- 
yellow yellow | yellow | yellow green | white 
sparse sparse | sparse ! none . none ! none 
shallow shaliow | shallow deep | none furrowed 
heavy heavy heavy | heavy : heavy | heavy 
| 
20, 2 37.2 | 5.1 | 4.2 ! 6.4 | 2.0 
1.9 1.8 1.8 ! 1.0 | 2.3 : 12 
Se ae ek | eae ! white white 
ne orange | oe ! sin ! white ! salmr: 
6.6 | 7.2 8.4 5.0 | 7.1 11 
6.1 | 6.6 6.8 | 4.5 : 5.8 | 1.4 
squash-like | squash-like Mane | Ne | musky | ee . 
none ! none | none none | slight  _ slight 
bitter | bitter | bitter ji bitter none , none 
I i 
rigid fine mealy mealy mealy mealy 
2.5 | 4.2 | 2.3 4.7 ! 2.9 | 8.0 
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main vine 


19th lateral vine 


17th lateral vine 


—_\ 











7th lateral vine 


length 


5th lateral vine 


vine 


Ist node 


Thi 


2nd node 










J 


2nd node 
on the main vine] ~~ 
Ist node 


on the main vine 


q : pistillate or perfect flower 4 : staminate flower 


Fig. 9. Diagram of flower bearing habit in melon (C. melo): 
Main vine grown vertically was prunned at the 20th node. 


Fig. 10. Pistillate fowers of C. melo (petals and sepals removed): 
left: perfect flower of ‘‘Earl’s Favourite”, right: unisexual flower of No. 111 
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Table 4. Flower bearing habit of the KUSE strains (1956) 














sramninate Bower on Pistillate flower 

Variety oF Sex expression | Nodé”No. [ Node No.1 > Pee eee Maas! 

strain No. of ist | of ist j Days to | Node — Days to | as £ 

__|_ flower _| anthesis | 2nthesis®! No | anthesis" | gowerst 

Ear]’s | | | are ney oo i 
Favourite | Andromonoecious 4: 4 ; 70 5 | 9 | 6 
79 Monoecious 3 4 | 64 8 | 73 | 3 
82 4 | 5 | 8 | 56 | 10 68 | 6 
111 t ee ee ee ee 
150 Andromonoecious 1 | 2 | 60 6 69 | 7 
242 t 3 | 5 | ro 
505 | Andro. or Mono. Zi 4 | 58 |S 6 | 
506 Andromonoecious 2 | 2 | 60 | 7 | 71 9 
507 2 | 5 | 5 | 60 5 | 1 | 10 
508 a 1 | 1 | 8 | 7 66 | 9 
701 ” | a | 2 | 87 | 5 +} 6 | 10 
702 a BtoB Se OR |b BG BE ag 10 
705 a ; 2 | 2 | sy | 6 | 67 | 5 
707 te ; ody 1 89 8 | 69 6 
764 t ;} 2 ) 38 o | 5 | m 9 
766 ” 2 | 3 s | 7 | 73 9 
770 a 5 | 6 ee eS Se = 
775s a : 4 | 5 58 5 | 66 10 
7m | 4 / 2 ' 3 | 6 | 6 70 | 7 
980 o 7 9 ! 6 | 1 | 2 § 
981 | Monoecious 3 g° 1) 58-  B P S 
982 + 4 4 6 ! 7 ) 6 ' 8 
983 tL 1 r | 6 | 7 ! o ! 8 
984 Andromonoecious | 7 7 61 13 a 2 
985 | Monoecious 3 5 | 6 | 7 ; 69; 7 
986 + Andromonoecious | 2 2 | 60 5 64 10 
987 % a: 7 | 6 | 6 ; 7 | 10 
988 4 5 7 | 64 9 | @ | 4 
99 | 8 8 | # | 8 | ma | 7 
990 Moncecious ; “2 2 ! 61 5 72 ! 9 
1003 4 ! 2 3 66 | 6 71 | 9 
1005 t Sa 1 | 67 5, 72 ; 











a) From sowing to anthesis on the 10th node. b) Node No. of main vine of lowest lateral 
vine with pistillate flower. c) From sowing to anthesis on the Ist node of the 10th lateral 
vine. d) Number of flowers on the Ist node of the 5~15th lateral vines. 
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Table 5. Flower bearing habit of F; plant between the KUSE 
strains and Earl’s Favourite (1957) 








Stminate flower on cid 
seeiorer Sealed anes tt e mat, vine Pistillate flower 
ee erie ote | NG || oa Nene a 
i ee se flower anthesis . 
Earl’s 
Favourite Andromonoecious 6.0 9.2 8 95 6.0 
82xE. F. | Monoecious 6.4 11.3 8 88 71 
82 a 9.7 14.3 13 = 1.4 
111xE. F. 4 3.8 3.8 6 88 9.2 
111 4 2.2 2.4 3 84 9.4 
150 xE. F. | Andromonoecious 3.7 5.1 4 87 93 
150 1 a 2.6 4.4 6 89 8.1 
242 xE. F. a 5.0 10.1 6 92 8.4 
242 ao 4.9 14.0 8 = 4.5 
701 xE. F. “o 3.8 5. 4 4 88 10.1 
701 a 3.3 4.7 6 90 9.1 
705 xE. F. 4 4.3 7.0 6 90 6.6 
705 4 3.8 5.6 10 88 3.1 
981 x E. F. | Monoecious 4,2 6.8 7 87 8.5 
981 ao 5.3 8.9 14 =i 1.6 
1003 xE. F. | a 4.4 9.0 7 9 | 82 
1003 ao 4.3 10.3 13 92 2.5 

















a) Node No. of main vine of lowest lateral vine with pistillate flower. 
b) From sowing to anthesis on the Ist node of the 10th lateral vine. 
c) Number of flowers on the 1st node of the 5~15th lateral vines. 


bearing habits were observed as shown in Tables 4 and 5. In Earl's Favourite, 
number of pistillate flowers on the first node of the 5~15th primary lateral vines 
was on the average about six. 23 of the KUSE strains produced more pistillate 
flowers than Earl’s Favourite in the spring of 1956. In the following spring, five 
parental strains of eight F,; hybrids produced less pistillate flowers than the same 
ones in 1956, it seemed that the pistillate flower formation was strongly influenced 
by environmental conditions. F, hybrids produced more pistillate flowers on the 
lateral vines than the parents. Flowering time of the KUSE strains was generally 
earlier than Earl’s Favourite. 

3. Leaf and vine characters: 

The seedlings of the KUSE strains, during the cotyledonary stage, were 
larger in size and paler in color than those of Earl’s Favourite, while there was 
no marked difference in adult leaf size and shape. The length of main vine was 
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Table 6. Characteristics of cotyledon, adult Jeaf and vine (1956) 











Vatetye ; Cotyledon® Adult leaf” Main vine* 

strain No. j as . i <p a, | hia pee Pm 

pength Cem): Width (cm) | Length (cm) Width (cm) | Length (cm) 
Earl’s Favourite 3.7 ! 2.2 | 19.0 24. 0 145 
79 56 | 28 | 166 20.30 133 
82 57 | 24 | 168 10.30 145 
111 | 62 | 25 | 193 , 263 173 
150 |} 55 | 25 | 193 | 3 159 
242 ; 47 | 28 | 170 27.0 133 
505 | 5.1 25 | 203 23.6 | 133 
506 54 | 26 | 22.0 24.0 105 
507 7.2 | 3.0 | 26.0 28. 0 = 
508 490 | 22 | 5 190 | 113 
701 6.2 28 | 175 2.6 120 
702 6.1 27 | 180 , 210 140 
705 6.4 31 | 170 195 119 
764 5.1 25 | 20.6 | 27.0 | 126 
766 5.4 25 | 210 £20 | 110 
775 4.9 2.2 2.0 20 | 107 
776 6.1 | 2.7 | 24.0 | 25.5 100 
980 5.3 20 = be An 
981 3.4 2.0 16.0 | 190 , 123 
982 4.2 2.1 4.7 17.5 . 130 
983 4.1 24 | 19.5 §~ 20: 152 
984 4.9 2.4 15.0 | 220 | 170 
985 4.5 2.1 17.0 | 225 168 
986 5.5 | 26 | 28 | MS | 125 
989 5.0 | 23 | 195 ' 220 | 130 
990 4.4 23 | 210 ‘+ 240 | 148 
1003 460 | 18 | 240 240 : 182 
1005 5.1 2.1 18,5 21.0 | 150 














a) When about the third true leaf expanded. 
b) The 10th leaf on main vine from the bottom. 
c) Main vine up to the 20th node. 


measured up to the 20th node. The data are given in Table 6. 

4. Seed characters: 

When the mature fruits were harvested the number of well developed seeds 
per fruit was counted. The data are given in Tables 7 and 8. 
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The seeds of all the KUSE strains were larger than those of any Japanese 
The variation of seed coat color was similar 
INovE (1935) classified melons by 
After Inoue, C. melo L. 
var. makuwa Makino, which includes varieties cultivated outdoors in Japan and 
China, has the smallest seed of all the botanical varieties. 


varieties including Earl's Favourite. 
to the commercial varieties grown in Japan. 
the seed characteristics such as length, color and shape. 


Table 7. Fertility and seed characteristics (1956) 











: | Seed- Length Diameter 
strain No. | fruit | per fruit’ | ‘rtility | of seed | of seed | Color of seed 
TE aiuie 411 292 71.0 9 4 creamy-brown 
79 342 272 79.5 13 5 a 
82 452 263 58. 3 11 5 creamy-yellow 
111 282 205 72. 6 13 5 creamy-white 
150 441 224 50. 8 13 6 creamy-yellow 
242 386 291 75. 6 12 5 yellow-brown 
505 578 435 78. 7 10 5 creamy-yellow 
506 328 37 11.2 15 6 creamy-white 
507 402 173 43. 1 14 6 “+ 
508 337 84 24.9 12 5 a 
701 361 161 44.6 14 6 creamy-yellow 
702 411 103 25. 0 14 6 creamy-white 
705 365 157 42.9 15 6 t 
707 286 192 67.1 12 5 ao 
764 238 154 64.7 14 6 creamy-yellow 
775 344 121 35, 1 14 6 a 
980 275 229 83. 8 12 5 creamy-white 
981 387 302 78.0 9 4 a 
982 263 172 65. 4 10 4 creamy-brown 
983 853 595 69.7 10 5 creamy-yellow 
984 416 293 70. 4 12 5 creamy-white 
985 679 597 88. 1 10 5 creamy-yellow 
986 465 147 31.6 13 6 creamy-white 
987 376 80 21.2 13 6 creamy-brown 
988 385 135 35. 0 13 6 creamy-yellow 
989 305 190 62. 2 14 6 creamy-brown 
990 563 502 89. 1 9 4 creamy white 
1003 488 274 56. 2 ie 5 + 
1005 248 215 86. 8 12 5 a 
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Table 8. Pollen-fertility of the F, and their parental plants, 
and characters of F, seed (1956~1957) “ E. F. : Earl’s Favourite 

















ae ae ree S seed Hon ae erie peed 
Earl’s Favourite 99.1 | 9.0 4.0 creamy-brown 
g2xE. F.* 99. 0 10.1 4.8 a 
82 98.7 10.0 4.5 creamy-yellow 
W1xE. F. | 99. 3 | 9.2 4.6 creamy-white 
111 99.7 | 11.6 5.6 ” 
150 xE. F. 99.0 | 10.6 5.0 2 
150 | 98.3 10. 2 5.1 creamy-yellow 
242 xE. F. 98.7 10,2 4.7 creamy-brown 
242 ' ons ak 5.4 o 
701 xE. F. ; 95.1 10.7 | 4.9 creamy-yellow 
701 92. 1 12.9 | 4.8 a 
705xE. F. | 98.0 13.1 5.8 creamy-white 
705 995 | | 6.3 a 
981 xE. F. 99.3 | 91 | 4.5 4 
981 98.9 | 9.1 3.7 4 
1003 x E. F. 85.3 11.3 5.0 4 
1003 | 94.5 | 11.7 4.8 t 


In 1957, the size of seeds from F, plant was found to be more or less inter- 
mediate between the parents. LumMspEN (1914) found that large seeds dominanted 
over small seeds. 

5. Crossing ability : 

Pollen-fertility was estimated by percentage of pollen grains stainable with 
aceto-carmine observed during May on the materials sown in February 13, 1957. 
The data are given in Table 8. In most of the F, hybrids between the KUSE 
strains and Earl's Favourite, the rate of good pollen was as high as 90 per cent, 
and a good deal of viable seeds were obtained. The similar was found in the 
hybrids between the KUSE strains and Japanese commercial varieties belonging 
to var. conomon and var. makuwa. Consequently it is thought that there is no 
cross imcompatibility among botanical varieties of C. melo L. 

6. Disease resistance : 

The KUSE strains and their F, hybrids with Earl's Favourite were suscep- 
tible to mosaic virus, canker and powdery mildew. No. 111 and No. 1003, both 
being the snake melon type, had high resistance to mosaic virus disease. They 
seemed to be promising as the resistant stocks, but F, hybrids between these 
strains and Earl's Favourite were susceptible. 
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B. Classification 


In the genus Cucumis, about 35 species were involved according to the latest 
supplement of the Index Kewensis. Most of them are tendril-climing or trailing 
annuals or herbaceous perennials. DE CANDOLE (1884) listed 26 species in the 
genus, of which ufive are native to India and Pakistan, three to north Africa, 16 
to central Africa, nine to south Africa, and one to tropical America. Vavitov 
(1926) stated that muskmelon is native to Iran and its adjacent areas. He also 
reported that Iran and Trans-Caucasusia are thought to be the main center of 
origin and development, and the north-west province of India, Kashimir and 
Afghanistan to be the secondary center. 

Cucumis generally cultivated in Japan is cucumber (C. sativus), netted melon 
(C. melo var. reticulatus), winter melon (C. melo var. tnodorus), oriental sweet 
melon (C. melo var. makuwa) or oriental pickling melon (C. melo var. conomon). 

The taxonomical studies of C. melo L. were reported by many workers: 
Naupin (1859), Makino (1940), Kitamura (1957, 1960), INovE (1935) and BEcKER 
(1950). NaubIn listed ten botanical varieties, Makino four varieties, KITAMURA 
one variety and BEcKER one variety. They are listed in Table 9. 


Table 9. The list of botanical varieties of Cucumis melo L. 





Varieties English name | Japanese name 

C. melo var. reticulatus Naup. Netted melon | Ami melon 

4 var. cantaloupensis Naup. Rock melon — 

a var. flexuosus Naup. Snake melon | Hebi melon 

4 var. inodorus Naup. Winter melon Fuyu melon 

a var. acidulus Naup. Cucumber melon — 

a var. chito Naup. | Garden melon = 

a var. dudaim Naup. Pomegranate melon ! — 

a var. saccharinus Naup. Pineapple melon | —_ 

4 var. conomon MAKINO Oriental pickling melon Tsuke-uri or Shiro-uri 

a var. makuwa MAKINO Oriental sweet melon ) Makuwa-uri 

a var. microsperma KITAM. 4 | Seikan Makuwa-uri 

a var. melitensis SER. Glatte melon : — 








The melons used in the present studies were classified by their morphological 
and ecological characteristics as given in Table 10. Fourteen strains belong to 
var. reticulatus, three to var. inodorus, and three to var. flexuosus respectively, 
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Table 10. Classification of the KUSE strains of Cucumis melo L 
ss 


Variety | KUSE strain No. 


var. reticulatus Naup. 82, 150, 506, 507, 508, 701, 702, 705, 764, 


766, 775, 776, 986, 989. 
var. inodorus Naup. 79, 242, 980. 
111, 1003, 1005. 


505, 707, 981, 982, 983, 984, 985, 987, 988, 


var. flexuosus Naup. 


Miscellaneous 


and ten other miscellaneous strains have not yet been classified. Snake melon 
(var. flexuosus) has hitherto rarely been known in Japan and this is perhaps the 
first introduction. The classifications are not complete, for hitherto undescribed 
strains may be produced from free crossing within botanical varieties of C. melo 
L. and the characteristics of fruit vary with the cultivated conditions. Since 
there are common characteristics among the botanical varieties of C. melo, it is 
rather difficult to give a definite classification based only on the data of morpho- 
logical analyses. 


Conclusion 


In general, the KUSE strains from Pakistan, Afghanistan and Iran seem to 
be not suitable for practical cultivation in Japan, since their fruits are inferior in 
appearance, sugar content, flesh quality and thickness of flesh as compared with 
the Japanese commercial varieties. In some strains fruit was easily cracked and 
shed from the stem at maturity. Moreover, the KUSE strains are generally 
susceptible to disease and cultivation are rather difficult even in a glasshouse. 

However, such characteristics as earliness and pistillate flower formation 
unaffected by day-length or temperature of No. 701, prolificacy and resistance to 
virus diseases of No. 111, bearing of unisexual flower in some strains which 
facilitate commercial F, seed production, will be useful as the material for future 
combination breeding. 
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Luffa acutangula RoxB. collected by KUSE, 1955 


Tuyohiro Tozu 


Department of Agronomy, Faculty of Agriculture 
Shizuoka University, Iwata, Japan 


In 1955, two strains of a sponge-gourd, Nos. 145 and 1002, were introduced by 
the members of the Kyoto University Scientific Expedition (KUSE) to the Kara- 
koram and Hindukush in 1955. The seed coat was black and smooth. As they 
have no wings, they were identified to be Luffa acutangula Roxs. (Fig. 1). 


b. No. 1002 
(1960) 


a. No. 145 
(1956) 





Fig. 1. KUSE strains of sponge-gourds 


Those strains have been cultivated by the usual method of sponge-gourd 
cultivation in the experiment field of the Faculty of Agriculture, Shizuoka Uni- 
versity in Iwata, since 1956. The data of the morphological and physiological 
observations of the introduced strains and the Japanese cultivated variety are 
listed in Table 1. 

There were no marked differences between the introduced strains and the 
cultivated variety in Japan, except the cotyledon size. Those strains had larger 
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Table 1. Data of observations 








Item No. 145* No. 1002 Control 
Cotyledon size 87cm x 5.4cm 6.3cm x3.4cm 5.4cm x3.1cem 
1956 = July 10 September 17 July 15 
4 June 28 August 25 July 14 
Date of Ist flower 
1960 ¢ July 27 July 14 
$ July 19 July 18 
Flowering Evening Evening Evening 
June 25, 1960 13.9cm 11.0cm 
ly 28, 4 346.0 387.1 
Stem length July 7 : 
Sept. 4, 4 720.0 763.3 
Oct. 3, 4 806.7 _— 
fertile 200 157 
Pollen grains sterile 0 1 
size 83.1 uz 86.8 
f peduncle length 16.0cm 15.1cm 
Fruit { 
length 30.8 37.0 
Fruit diameter { MEPED Pat a8 38 
lower part 8.2 7.0 
Weight of sponge fibre per fruit 27.0 gr 22.0 gr 
Seed coat color Black Black 
Seeildipep tui ( solid seeds 250.3 145.0 
empty seeds 15.3 8.0 











* Diseased by Fusarium and died in 1960. 


cotyledons, and their flowering dates were also nearly the same with the Japanese 
varieties. 

Since the resistance to Fusarium sp. and Meloidogyne incognita var. acrita 
is important for breeding purposes, hope was placed on the introduced strains, but 
the results were rather disappointing. No. 145 was damaged severely by Fusarium 
in 1960. 

Meiosis was observed with aceto-carmine smear-preparations. 13 bivalents were 
formed at I-metaphase, and the meiosis proceeded regularly, and both pollen- and 
seed-fertility were normally high. 


Red peppers (Capsicum annuum L.) collected 
in Afghanistan and Iran 


Yasuo OHTA 


Kihara Institute for Biological Research, Yokohama, Japan 


Red peppers (Capsicum annuum. L.) are used for food, for pungent flavoring 
or drug production, and the more pungent they are the more highly are they 
valued for their pungent substance, capsaicin. 

A number of research works have been made with this crop with special 
emphasis on horticultural studies. And, constructive breedings are pending, that 
is, introduction of useful characters from related and/or wild species. 


Material and Method 


In 1955, the members of the Kyoto University Scientific Expedition (KUSE) 
to the Karakoram and Hindukush collected seeds of four strains of red pepper in 
Afghanistan and Iran. The seeds were sown in 1956 and the characteristics of 
the plants were examined in the experiment field of the Kihara Institute for 
Biological Research in Yokohama (Fig. 1). 

Seeds of two strains did not germinate at all, and those of the remaining two 
CKUSE 132 and 751) germinated. The plants showed wide variation both in mor- 
phological and physiological characters. Therefore, they were divided into several 
pedigree lines according to their characteristics. After repeated self-pollinations, 
the major characters of each pedigree line became fixed. KUSE 132 was collected 
in Kabul, Afghanistan, and KUSE 751 in Sabzawar, Iran. N 58-248 collected by 
Dr. S. Nakao from Bhutan is also included in the present paper. 

The root tips were fixed with FARMER's acetic-alcohol solution after the pre- 
treatment with 0.002 mol aqueous 8-oxyquinoline solution, and macerated with a 
solution of 1 part N-HCL and 1 part aceto-carmine. The anthers were fixed with 
the same fixative and stained with aceto-carmine. Preparations were made by the 
usual squash method. 

The degree of pungency is given as a percentage of the capsaicin content in 
dry matter, and the measurements of capsaicin content were made following FujsiTa’s 
method (Fuyita et al. 1954). Recently an isomer of capsaicin has been found 
CKosucE et al. 1958, 1960), and the method gives total content of both capsaicin 
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a. N 58-248 b. KUSE 132B’ 





c. KUSE 132C d. KUSE 751A’ 





e. KUSE 751B’ f. KUSE 751D 


Fig. 1. Leaves, flowers and fruits of some introduced strains of C. annuum L 


OCH, 

i. HO— —CH.NHCOCH..,CH = CHCH 
ee “cH, 
OCH, 


i CH, 
HO— S—CH.NHCO(CH.),CHS 
b ge ae 


Fig. 2. Structural formula of capsaicin (a) and its isomer (b) 
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and its isomer (Fig. 2). The method is outlined here briefly. 1g of red pepper 
powder is treated with 15 ml of acetone on a water bath for about one hour using 
the reflux condenser. The extract is filtered after cooling and diluted to 25 ml with 
acetone. 2ml of the above acetone is removed and the solvent is evaporated on a 
water bath. The remaining residue is then treated several times with 1 m! of 
ethanol by which capsaicin is completely absorbed into the ethanol solution. This 
ethanol fraction is subjected to ascending paper-chromatography at room temper- 
ature with petroleum benzine saturated with methanol. In this way purified cap- 
saicin is dissolved into methanol. After the evaporation of the solvent at 70°C 
the residue is treated with 5ml of N/10 NaOH solution. When 3m! of 3% 
phosphomolybdic acid solution is added, this alkali solution is calculated by 
BECKMANN 'S spectrophotomer (Shimazu Type QR-50) at 730 mu in comparison 
with standard results previously obtained from a pure sample of capsaicin. 

For genetical studies of pungency, the following simplified method was em- 
ployed, because of the wide variation in capsaicin content and of the number of 
individuals tested. That is, capsaicin was extracted with 3ml ethanol from a 
100 mg sample, ethanol was added to make a 5 ml original solution, of which each 
0.5 ml was diluted by adding 2 to 110ml water. Threshold of taste corresponded 
to the capsaicin content and volume of added water, i. ¢.,it was 1.3x 107%. 


Results and Discussion 


1. General characters 

The characteristics for 11 pedigree lines and two Japanese common varieties 
for comparison are given in Tables 1 and 2, and the photographs of some of them 
and N 58-248 are shown in Fig. 1 (Outa 1958). All KUSE lines belonged to 
Capsicum annuum L., and in general showed vigorous growth, prolific fruiting and 
strong pungency. Major mophological characteristics of them were white petals 
(rarely purple), purplish-blue anthers, white filaments, usually green immature 
fruit, mature red fruits, yellow seed, and one pedicel at each node. 

2. Growth and flowering characters 

Growth of the KUSE lines was somewhat more vigorous than that of the 
common Japanese varieties. Although they were transferred from dry areas to 
humid Japan they were healthy, but seemed to be somewhat less resistant to 
virus infection. The first flowering date differed about 20 days between the 
earliest and the latest line among the Afghan as well as the Iranian peppers. 

3. Leaf, stem and flower characters 

Leaf shape was as a rule, lanceolate, but leaf size differed from line to line. 
No significant correlation was found between leaf size and fruit size. The color 
of stem varied from green to violet. The author distinguished five grades accord- 


Table 1. Characteristics of plant, stem, leaf and flower of Afghan, Iranian and Japanese red peppers 
a oo 























Plant Stem Leaf | Flower 
ace Height Branch- Color? | Shape® Length Color® Hair» oe rad Color of Cea a osell ‘ae Pedicel 
(cm) ing? (mm) flowering petals» @mthers? “ciamens (mm) habit Position» 
132A | 52 cs 4 OL 83 I SH | 17/VI Ww PB 5~6 19 Single P 
B 60 S 4 L 112 CD a | 24/VI 4 “ao 5 14 o> a 
B’ | 45 cs O° 4 We 75 I a | 25/VI ao ‘a 5~6 18 aL bo 
Cc 61 £ 3 | L 80 t 4 | §/V1 a t 5~7 15 4 H 
751A 59 CS 2 a 101 CD a | 17/VI + a 5~6 13 2 P 
A’ 43 S 2 s 48 I a 4/VI a a “a 13 ao H 
B 60 —E Sok 9 & 2 | 2/VI a t ao 16 to P 
B’ 77 a a | 87 a a | ao “ao tr a 13 4 a 
Cc 58 a ; 5 a 62 D a a Vv a 4 17 “ao H 
Cc’ 46 CS | «4 | OL 75 CD a | 20/VI a tb a 15 4 4 
D Ba: od SL oe 81 I 4 | 4/VI Ww a 4 12 4 P 
ene eee CS ; 2 i LL 62 CD 4% | 20/VI ao ao a 14 a E 
Ojishi | 55 4% | 4% | OL 108 I 4 | 28/VI ao a 5~7 23 4 P 








1) CS: Comparatively spreading, S: Spreading, E: Erect. 2) Grades are as in Fig. 3. 3) OL: Ovate lanceolate, L: Lanceolate, 
LL: Long lanceolate. 4) I: Intermediate, CD: Comparatively dark-green, D: Dark-green. 5) SH: Slightly hairy. 6) W: White, 
V: Amethyst-violet. 7) PB: Purplish-blue. 8) P: Pendant, H: Horizontal, E: Erect. 
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Table 2. Characteristics of fruit of Afghan, Iranian and Japanese red peppers 











Material | Fruiting 2 7 Sele 
position? Immat.” 
132A P DG 
Bs a a 
B’ | a a 
Cx 34 “ao ao 
1A | * b 
A’ | ao ao® 
B | ao D 
B’ | «4 “ao 
a x 
Cc’ | ao ’ 
D | ao o 
| 
ae ce | 
Ojishi P ’ 








1) P: Pendant, E: Erect. 
I: Intermediate, E: Embracing. 


Mat. 


Red 


ao 


> 


ao 


ao 








Length of 
pedicel 
(mm) 


26 
30 
26 
31 
15 
23 
22 
17 
16 
17 
21 
24 
36 





Length Width Shape 
(mm) 


(mm) 


42 
41 
43 
56 
20 
14 
27 
30 
36 
33 
36 
27 
62 


38 
29 
30 
19 
27 
18 
21 
18 
18 


index 


1.1 
1.4 
1.4 
2.9 
0.7 
0.7 
1.3 
1.7 
2.0 
1.5 
2.3 
3.9 
1.1 


Weight 
(g) 


13 
8 
9 
6 
6 
2 
4 
3 
5 
6 
3 
0. 


45 


Thickness 
of pericarp 
(10-8mm) 


27 
21 
19 
14 
29 
19 
20 
22 
23 
20 
16 
10 
66 


Number Shape o 
of loculi calyx® 
2~3 NE 
3 4 
3~4 a 
2~3 “o 
3~4 a 

a s 
2~3 I 

ao o 
2~4 a 

o NE 
2~3 I 

a E 
2~4 NE 


f Number 
of seeds 
per fruit 


126 
107 
110 
111 
97 
50 
108 
88 
73 
145 
106 
32 
128 





2) DG: Dark-green. * Color changes like a Japanese var. ‘‘ Goshiki ”. 
4) P: Prolific, EP: Extremely prolific, NP: Not prolific. 


3) NE: Not embracing, 


Fruit- 


ing® 


0 


Ym Fy um ye we dy wy YY YV 
~u ~~ 


| 5 


ssaddad poy 
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ing to the area colored and intensity of coloration, namely: 1) no pigment, 
2) some pigment around the nodes, 3) more pigment around the nodes, 4) pigment 
extending to the internodes and 5) whole stem strongly colored (Fig. 3). 





Fig. 3. Schematic representation of five grades of stem pigmentation 


The lines 751C and 751C’ had a strikingly violet stem and also an amethyst- 
violet corolla. This pigment was located on the lower surface of the petals, and 
became darker when it got colder. This color of corolla was not known among 
the Japanese varieties. 

4. Fruit characters 

The shape of the fruits varied from compressed-round (shape index 0.7) to 
oblong-conical (2.9). The mature fruit color was red in all lines, and the immature 
fruits were dark-green, except for one line, 751A’, which showed at maturity 
colors like a Japanese variety “ Goshiki”’. 

5. Capsaicin content 

The capsaicin content in dry matter of varieties of C. annuum is shown in 
Table 3. N 58-248 collected in Bhutan showed very high capsaicin content. 

Table 3 shows also that Afghan red peppers contain as much capsaicin as 
the Japanese hottest variety, Takanotsume, and that Iranian red peppers contain 
more capsaicin than the others. Moreover, the fruits of Afghan and Iranian red 
peppers were larger than the Japanese varieties. These red peppers are therefore 
expected to be suitable for the breeding of hotter red peppers in Japan. 

It has long been known that the pungency of red peppers varies according to 
ecological conditions, but there have been no reports with respect to quantitative 
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Table 3. Capsaicin content-dry matter (%) 








; i Comparison : Variation under 
Material | Average | between : different growing conditions 
| __2x and 4x _ i 30°C 20°C Field! 
Long Red Cayenne 0.55 : 0. 33 =_ 0. 23 
Takanotsume 0. 28~0. 32 | 
Yatsubusa 0. 21~0. 30 
KUSE 132 A 0. 24 | 
min. max. av. | 
ae : = | Px 0.24 0.31 0.28 | 
. | ! 
C — | 4x 0.2 0.32 0.27 | 
KUSE 751 A 0. 32 | 
min. max. ' 
. O84 | ex 0.35 0.37 0,36 | 
B 0. 36 : 
4 F i iS 
C 0.35 | eos ee, he 
D 0.33 | 
N 58-248 0. 67 } 





1) Average temp. was 21~24°C and min. temp. was 14~26°C. 


A 


be 





Red peppers (KUSE 751D) grown at different temperatures, 
20°C constant (left) and 30°C constant (right) 
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analysis of the capsaicin content. 

Young plants of C. annuum, KUSE 132A and KUSE 751D, were divided into 
three groups according to the growing conditions: 1) at 30°C const. 2) 20°C 
const. and 3) field. Each group consisted of at least two plants. 

Plants grown at higher temperature were more vigorous than those at lower 
temperature. The difference was most remarkable in the case of KUSE 751D 
(Fig. 4). Capsaicin content was considerably higher at 30°C const., and somewhat 
higher at 20°C const. than in the field (Table 3). The average temperature in the 
field was 21°~24°C, and the minimum was 14°~26°C. It was supposed, therefore, 
that the higher night temperature provided by the constant 20°C condition affected 
a higher capsaicin content. 

6. Induced tetraploids 

All the species examined were diploid, 2n=24. In the genus Capsicum, 
however, there have been a number of reports regarding natural or induced poly- 
ploids. By colchicine treatment, the present author obtained autotetraploids of 
KUSE 132B’ and KUSE 751B’. In general, tetraploids showed giant stomata, 
thicker mesophyll, thicker pericarp, and giant flowers in comparison with diploids. 
Tetraploids showed almost the same vigor in growth but somewhat less fruiting 





Fig. 5. Fruits of diploid and autotetraploid red peppers 
a. KUSE 132B’ 2x, b. KUSE 132B’ 4x, 
c. KUSE 751B’ 2x, d. KUSE 751B’ 4x 
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than diploids. Tetraploid fruits are shorter (shape indices smaller), less in weight 
and thicker in pericarp than diploid ones (Fig. 5). Tetraploids produce larger 
(1.12~1.30 times in diameter, 1.05~1.92 times in weight) but very few seed 
(1/10~2/5) (Table 4). No marked difference was found in capsaicin content 
between diploid and tetraploids. 


Table 4. Comparison of some fruit- and seed- characters 
between diploids and induced autotetraploids 














Fruit Seed 
Material Ploidy Fresh Dry Average . . 
Length Width ceria weight weight number , aris ao. 
1 (mg) (mg) of seeds ; & 
KUSE 132B’ 2x | 43.3 29.9 1.45 8630 1484 106. 0 4.0 6.4 
4x 33. 0 28.6 1.15 7260 1220 20.7 4.5 6.7 
KUSE 751B’ | 2x | 29.6 17.6 1.68 3320 777 45.3 | 4.0 6.9 
4x | 27.3 17.2 1.59 2855 637 18.4 4.8 9.2 
| 








Fertility in both reciprocal crosses between diploids and tetraploids and their 
artificial self-pollination is listed in Table 5. In general, fruit setting in selfing 
was lower and germination was less uniform in tetraploids. On the contrary, fruit 
setting in 2x (2) x 4x (2d) crosses was markedly lower than that of the female 


Table 5. Cross-compatibility between diploids and autotetraploids 














Material | Pollination ee ae sree (genplan sole = aaa = fruit Germination 
| flowers fruits | % min. | max. | aver. | id : 
KUSE 1328’ | 2x selfing | 17 ; 5 | 29 | 64 | us | 96.8 | 86 
xxdx | 16 | 1) 6 -j- | 3.0% 0 
4x x 2x 7 3 43 | of ro 4] uz) 
4x selfing | 42 5 2 | 10 | 48 | 310 ! 90 
KUSE 751B’ | 2x selfing | 14 7 50 | 34 | 21 | 51.1 : 80 
2x x 4x 12 0 0 = fo —}o o= 
4x x 2x 16 4 25 = | “9 0 | = 
4x selfing | 36 2 6 17 | 33 | 24. 3 ! 80 














* Parthenocarpy. ** Empty seeds only. 
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parent, and it was rather higher in 4x(%)x2x(@) than that of the female 
parent. The data here are quite similar to those of NisHiyAMA and Karasawa 
(1954). The number of seeds per fruit was very few in both crosses; a few 
viable seeds were obtained in 4x x 2x, but only empty seeds in 2x x 4x. 

The author wishes to express his sincere gratitude to Dr. H. Kimara, National 
Institute of Genetics, Misima and Kihara Institute for Biological Research, Yoko- 
hama; Dr. S. Matsumura, National Institute of Genetics; and Dr. I. Nisnryama, 
Laboratory of Genetics, Kyoto University for their encouragement and valuable 
suggestions during the present study. 
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Beets collected by KUSE, 1955 


Seiji MATSUMURA and Tomoko OHTA 


Kihara Institute for Biological Research, Yokohama, Japan 


Six strains of beet were collected in 1955 by the members of the Kyoto Uni- 
versity Scientific Expedition (KUSE) to the Karakoram and Hindukush, they are 
Nos. 780, 791, 815, 1069, 1070 and 1071. The seeds of these strains were chosen 
from the cereal seed samples which were sold in the market. They were sown in 
the experiment field of the Kihara Institute for Biological Research in Yokohama. 

It is thought that Mediterranean area is the original place of beet, but, in the 
Mediterranean region and southern Asia, there is no sugar beet cultivation. There 
are only table and fodder beets. All of the KUSE beets are fodder beets and 
biennial. They are weak and very susceptible to Fusarium, Cercospora etc. It is 
supposed that because of the dry weather of the place in which they were growing, 
they became very susceptible to diseases and when they grow in humid place such 
as Japan, they are completely damaged. Seed number in a seed ball and germina- 
tion rate are observed (Table 1). There is a slight difference in a seed number of 
one seed ball. It is not clear whether it is by environment or genetical difference. 
All strains except No. 1070 have the anthocyanin pigment in the leaves and roots. 
Root shapes are very similar in all six strains and they are rather long. 


Table 1. Characteristics of KUSE beets 











Strain Seed-number in | Germination Red 
100 seed-balls | rate pigment* 

No. 780 " 204 | 24% " 
No. 791 | 200 | 16 + 
No, 815 | 164 55 + 
No. 1069 : 146 . 40 + 
No. 1070 295 ! 50 | 
No. 1071 | 210 | 60 | + 





* +4: present, —: absent. 


Onions and leeks from Afghanistan and Iran 


Tsutomu OGAWA 


Nagasaki Agriculture and Forestry Experiment Station, Nagasaki, Japan 


The present author was responsible for the experiments on the genus Allium 
collected by the Kyoto University Scientific Expedition (KUSE) to the Karakoram 
and Hindukush in 1955. The seeds of 18 strains were sown but the seeds of 
eight strains did not germinate. Among ten germinated strains, seven were onions 
and three were leeks. The characters of the reared plants were investigated in 
the experiment field for temperature sensitivity in bulbing under various artificial 
conditions. 


Material and Method 


The materials are given in Table 1. Awaji Kodaka, a Japanese variety bred 
from Yellow Danvers Flat, Bombay Large introduced from India and Sweet Spanish 
introduced from U.S.A. were used as the controls. The soil of Kurume Horti- 
cultural Research Station in Fukuoka was clayey and of medium fertility. The 
seeds were sown on Oct. 10, 1956. Usually the sowing season for onion in 
Kurume is around Sept. 20. The seedlings of the strain collected in Nomal were 
sent from the University of Osaka Prefecture in Sakai and planted in Kurume in 
December. The seedlings were small, but nearly all of them bolted. Following 
this the sowing time was made later in the present experiments. On Dec. 15, the 
seedlings of both onion and leek were transplanted at an interval of 10cm in four 
rows on a 120cm wide flat bed. Leek seedlings were transplanted again at an 
interval of 10cm in rows of 70cm distance after the harvest of onions, on June 
29 in the following year. Fertilizers were applied as usual. 

The KUSE strains of onion showed a significant susceptibility to downy 
mildew (Peronspora destructor Berk. Casp.) and other diseases. Therefore fun- 
gicides were applied 12 times from late March until the harvest time (late June), 
that is Daisen was applied six times during the first half of the growing period, 
and Bordeux mercury was applied six times in the latter half of the growing 
period. Table 2 shows the weather conditions during the experiments. 

The strains and varieties used for the experiments on the soil temperature 
response in bulbing were Nos. 134 and 832, Nomal, Awaji Kodaka, Bombay Large 
and Sweet Spanish. In the framework, the electric cable for heating was layed 
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Table 1. List of materials 





! 











Locality Collection No. Species 

Kabul, Afghanistan : 89 Allium Cepa L. 

a 4 130 A. porrum L. 

4 + | 134 A. Cepa L. 
Kandahar, 7 1079 a 

a. a : 1080 | —» 

” ’ ! 1081 : ” 

“ao a | 1082 : o 
Noma, _# | 1075 a 

” ” 1076 : ” 

” a | 1077 i A, porrum L. 

ao a 1078 | =? 

4 “a 1212 OA Cepa L. 

” a | Nomal» | a 
Tehran, Iran 790 ' a 

“4 a | 800 | —? 

a a 820 | A. porrum L. 

‘a “a 832 | A. Cepa L. 

“ao ‘a4 | 953 ! — 





1) As the collection No. was not given, the material was named as Nomal. 
2) Not germinated. 


Table 2. Climatic conditions during the period of experiments 


Feb. | March | April | May | June 





| Nov. | Dec. | Jan. 
| 
| 





| 
Temperature (°C) 10.9 | 66 | 5.4 | 301 27 | 14.0 17.61 21.4 
Precipitation (mm) 18.5 | 44.0 | 72.5 | 61.5 | 24.2 | 356.1 | 124.9| 234.6 
Rainy days 3 3 6 | 7 | 6 | 13 | 44 9 
Fine days 13 ul 13 | 7 | 2 | 12 | vl 6 


underground and the soil temperature was controlled at 15, 20 and 25°C respec- 
tively. A tungsten bulb of 80w was lighted every 1m? at 50cm above the 
ground to make 17 hours of daylight. The seeds were sown on Aug. 20, 1957, 
and the seedlings were transplanted into the framework on Oct. 25. The bulbs 
were harvested together on April 2, when the temperature of the lowest plot 
(15°C) exceeded 15°C. 
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Results 


J. Onions (Allium Cepa L.) 


Damage by cold in winter was little and the growth until March was good, 
but after April the introduced strains were violently attacked by downy mildew 
and their growth was retarded. 

a) Leaf color: As shown in Table 3, all plants of the strains Nos. 89 and 
134 had dark-green leaves, but in the strains, Nos. 1212 and 1079 and Nomal, some 
plants had dark-green leaves, while others had medium-green leaves. All the 
plants of No. 790 and most of No. 832 had light-green leaves without bloom, The 
bulbs of the plants with light-green leaves were all white. In Bombay Large 
there were two types of leaf color, dark-green and light-green. 

b) Leaf shape: The plants of the 
introduced strains with dark-green leaves 
had short and narrow leaves with half- CES 
round cross-section. The light-green leaf a b 


was short and wide, and its cross-section 


was nearly round (Fig. 1, Table 3). The 
leaf blades of most of the introduced 6) 
strains stood at angles of 70~80°. As i d 


the branching points at sheath were close 
to each other, the phyllotaxis of leaves 
was not regular 1/2, but was apt to be- 
come irregular. The phyllotaxis of leaves 
of Awaji Kodaka and Sweet Spanish, 


; . f 
however, was regular 1/2 (Fig. 2). The c 
light-green leaves of the strains, Nos. 790 Fig. 1. Cross-sections of leaves of 
and 832, were soft and broke easily. In respective varieties and KUSE strains 


general, the leaf shape of the introduced a. No. 134, b. No. 179, ¢. No. 1079, 

: : Bonk L d. No. 832, e. Awaji Kodaka, 
strains was like that of Bombay Large, f Sweet Spanish 
even in size. 

c) Leaf size: The leaf length of the introduced strains ranged 39~54 cm, 
but most of them were 43~48cm, being shorter than that of Awaji Kodaka 
(average 65cm) and of Sweet Spanish (average 58cm). There was not much 
difference in leaf size among the introduced strains. The leaf sheath of the 
introduced strains and of Bombay Large was longer than that of Awaji Kodaka. 

d) Number of leaves: The number of leaves of the introduced strains and 
of Bombay Large was slightly smaller than that of Sweet Spanish and appreciably 
smaller than that of Awaji Kodaka. The number of leaves of No. 790 and of 


Table 3. Leaf characters of Allium Cepa 














Color Number 
Material Benne Ane: | ere light- peed Cross-section of leaf Shape of leaf | sews 
green mediate | green* | bulbs 
No. 89 11 11 8~9 half-round slender | 5 
No. 134 47 47 8~9 a o 9 
No. 790 13 13 7 round thick & short 3 
No. 832 15 4 11 6~9 round or half-round slender or thick & short 3 
No. 1212 13 8 5 8~9 half-round medium 0 
| 
No. 1079 16 12 4 9 ” slender | 9 
Nomal 29 15 14 7~8 a a | 16 
| 
Bombay Large 87 62 5 71~8 ao short | 37 
Awaji Kodaka 30 30 9~11 “o | long & large | 0 
Sweet Spanish 10 10 8~10 round a | 0 


ee EE 
* <=malachite-green. 


8429] pue sUcIUD 
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Fig. 2. Plant types of respective varieties and KUSE strains 
of onions at the bulbing time 


a. Awaji Kodaka, b. Sweet Spanish, c. Bombay Large, 
d. Nomal, e. No. 1212, f. No. 1079, g. No. 832, 
h. No. 790, i. No. 134, j. No. 89 


some plants of No, 832, both having light-green leaves, was particularly small 
(Table 3). 

e) Color of bulb: The data are given in Table 4. All the plants of No. 790 
had exceptionally white dry scale, while other strains divided between purplish- 
red, yellow with red neck, brown, white, or sometimes purplish-red and yellow 
with red neck. Bombay Large also gave segregation in color. The color of scales 
varied from deep-purplish-red to light-purplish-red. In yellow with red neck bulbs, 
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Table 4. Bulb characters of Allium Cepa 


Number| Weight 



































275 


























* height/diameter. 





Dia- . { 
. Height | Shape 
Material Bulb color meter : * Pungency 
f plants} (gr) | (cm) (cm) | index | ; 
purplish-red 4 39 4.6 2.8 0.61 | medium~strong 
yellow with red neck 4 30 3.3 2.8 0.86 | 
No. 89 
brown | 1 
| 
white | 2 21 3.8 2.6 | 0. 67 
purplish-red | 25 65 | 5.8 3.0 |; 0.52 | medium~strong 
1 ! 
yellow with red neck | 12 55 | 5.4 | 3.0 | 0.50 
No. 134 | 
brown 4 | 
white on: 33 | 45 | 28 | 0.62 
a oe ate 
No. 790 | white | 13 | a2 | 41] 27 | 0.67 | very mild~mild 
purplish-red 2 
No. 832 | yellow with red neck 2 12 2.5 1.7 0. 68 
white 11 18 3.5 2.4 | 0.68 | medium~strong 
purplish-red 3 30 4.3 2.5 0.58 | medium~strong 
yellow with red neck 7 34 4.5 3.3 0. 73 a 
No. 1212 
brown 2 | 
white 1 | 
a 
“ | strong~very 
purplish-red 14 31 | 44 | 27 | 0.62 | 
No. 1079 | strong 
| yellow with red neck | 2 | 33 4.6 , 26 | 0,57 a 
purplish-red : 18 | 47 | 4.7 3.2: 0.68 | mild 
Nomal | ; | 
yellow with red neck | 11 | i . 
\ i 
purplish-red 38 88 5.6 3.9 0. 70 strong 
Bombay 
yellow with red neck 25 62 4.8 3.4 0. 72 ao 
Large | 
white 24 87 | 5.2 | 3.7 | 0.71 a 
Awaji | : | | | 
Kedala | brownish-yellow | 30 | 205 | 74 | 5.1 0. 68 very strong 
| . 
eee | brownish-yellow | 10 | 165 | 6.1 | 5.6 | 0.91 | very mild 
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c d 
Fig. 3-1. Plant forms of respective varieties and KUSE 


strains of onions at harvest time 
a. Bombay Large b. Nomal c. No, 1079 d. No. 134 


the scale color varied in continuation to cream. 

However, the number of plants were not large enough to give a definite ratio 
of segregation, but in general purplish-red and yellow with red neck were more 
frequent than others. The plants with light-green leaves produced white bulbs, 
while the plants with either dark-green or medium-green leaves produced the 
colored bulbs. But 10~20% of the plants with dark-green leaves produced white 
bulbs. 

f) Size of bulb: As shown in Table 4, a bulb of the introduced strains was 
20~35 gr in average, while that of Bombay Large was 60~90 gr in average and 
the largest one of Sweet Spanish and Awaji Kodaka weighed 205 gr. The dia- 
meter of a bulb of the introduced strains was about 4~5cm and that of Bombay 
Large was a little larger. The doubling of bulbs occurred more frequently in 
the introduced strains and also in Bombay Large. Generally, the larger the bulbs 
were, the more frequently occurred doubling of bulbs. But, Sweet Spanish and 
Awaji Kodaka did not double the bulbs though they produced much larger bulbs 
than the introduced strains (Table 3). 
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g h 


Fig. 3-2. Plant forms of respective varieties and KUSE 
strains of onions at harvest time 


e. No. 832 f. No. 790 g. No. 1212 h. No. 89 


g) Shape of bulb: The shape of bulb was expressed by the shape index 
from the quotient of the bulb height divided by the bulb diameter. As seen in 
Table 4, the shape index of No. 134 was low and that of No. 89 comparatively 
high, but others showed the shape index around 1.7, which was not different 
very much from that of Bombay Large or Awaji Kodaka. The bulbs of the shape 
index 0.7 were oblate or thick flat (Fig. 3). But the well rounded shoulder part 
was not very substantial compared with the bulbs of Japanese improved strains. 

h) Pungency: The pungency was ranked in five grades judged by tasting. 
Awaji Kodaka ranked as very strong while Sweet Spanish as very mild. The 
introduced strains varied in pungency widely from very strong to very mild. No. 
790 and Nomal were the mildest strains and No. 1079 was the strongest (Table 4). 

i) Earliness and lateness: The harvest from the experiment field was on 
June 25. The introduced strains were all late maturing compared with the control 
Strains. Since the top part of bulb was hard no lodging occurred. No. 790 was 
particularly late maturing, but Bombay Large was rather early. 
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Table 5. Response of Allium Cepa to soil temperature in bulbing 



































: Temperature} Number of Degree of bulbing Number of 

Material ( °C) individuals bolted 
None Imperfect Normal plants 
| 15 8 8 0 
No. 832 | 20 9 8 1 0 
ee 25 10 3 5 2 0 
15 8 8 7 
No. 134 20 6 2 4 4 
25 6 6 5 
15 9 8 1 7 
Nomal 20 10 3 7 3 
25 10 2 8 0 
15 8 8 2 

Bombay Large 20 10 10 
25 10 10 0 
15 9 4 2 0 
Awaji Kodaka 20 9 1 3 6 0 
25 7 2 7 0 
15 8 5 3 9 
Sweet Spanish 20 10 1 4 5 5 
25 9 2 7 3 

















j) Temperature reshonse in bulbing: As shown in Table 5 and Fig. 4, 
Bombay Large bulbed at all treatments but other strains or varieties gave some 
individuals which did not bulb. The lower the ground temperature was greater 
was the number of non-bulbing individuals. No. 832 bulbed most poorly, even at 
25°C. This strain gave quite a lot of plants which did not bulb, while all or 
almost all other introduced strains and control strains bulbed at 25°C. No. 134 
and Awaji Kodaka all bulbed at 25°C and a great number of them bulbed at 20°C, 
while some of the plants of Sweet Spanish and Nomal did not bulb completely. 

k) Other characters: In April, the introduced strains and Bombay Large 
were infected severely by downy mildew, Phytophtora blight and neck rot, and in 
May almost all the leaves were entirely diseased by Macrosporium rot. Sweet 
Spanish was damaged moderetely and Awaji Kodaka very slightly. 

Since the seeds were sown late (Oct. 10) and the seedlings were small when 
transplanted, many leaves of the introduced strains withered in winter. Conse- 
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Fig. 4. Bulbing of respective varieties and KRUSE strains of onions 
al different growing temperature conditions : 
Top row: 15°C, middle row: 20°C, bottom rew: 25 ¢ 
a. Sweet Spanish b. Awaji Kodaka 
c. Nomal d. Na. 832 
e. No. 134 f. Bombay Large 
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quently the bolting was generally poor. But in the experiment on the response 
to temperature in bulbing, differences were found between varieties and strains to 
some extent. (Table 5). Sweet Spanish of a spring type and No. 134 bolted well. 
It was general that the lower the ground temperature was, the better was the 
bolting. Awaji Kodaka and No. 832 did not bolt. Bombay Large bolted poorly. 

The keeping quality of bulbs in the introduced strains was poor. During the 
cultivation some of them began to decay, and all the stored bulbs went rotten 
during July~August. The bulbs from the experiment on temperature response in 
bulbing were harvested on April 2 and stored. In this case, the percentage of 
rotted bulbs in three introduced strains was 80~100% before the end of Septem- 
ber, but it was 10~30% in Awaji Kodaka and in Bombay Large. 


2. Leeks (Allium porrum L.) 


Three strains, No. 130 from Kabul, No. 820 from Tehran and No. 1077 from 
Nomal were leeks. Leek is cultivated usually in Japan as a spring sown crop. 
But in the present experiment the seeds were sown at the same time as onion in 
autumn. Therefore the harvest was delayed until Dec. 1. in the following year. 

Those leeks had very high resistance to cold, their growth was good, and 
almost no diseases were observed. 

The color of leaves was dark-green, but that of No. 820 was a little darker. 
The leaves of Nos. 130 and 1077 were narrow and short and the growth was not 
good, while those of No. 820 were very thick and long, and the growth was 
vigorous. The results of the harvest on Dec. 1 in the following year are shown 
in Table 6. The leaf sheath of No. 820 was exceptionally thick. 

In the strain No. 820, fourty-three out of 139 plants bolted, but in the strain 
No. 130, only two bolted among 71 individuals. 


Table 6. Leaf characters of the strains of Allium porrum 











Material Length Breadth Number of Leaf sheath Diameter of 
(cm) (cm) leaves length (cm) sheath (cm) 
130 46 5.0 ! 7-8 15.8 3.2 
820 61 6. 3 8-9 17.6 4, 2 
1077 49 5.2 7-8 | 15.4 3.1 
Consideration 


Onion is one of the oldest plants having been utilized by mankind from 
thousands of years before Christ. After DE CANDOLLE (1884) the place of origin 
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was thought to be Baluchistan. Vavitov (1935) suggested North West India, Af- 
ghanistan, Tajik, Uzbek and Shan, West-Iran, as the primary centre of its origin, 
and Asia Minor, Transcaucasia, Near East including Iran and the Alpine Turkmen, 
and the coastal area of Mediterranean Sea as the secondary center of its origin. 

Among seven strains used in the present investigations five strains were 
collected in Afghanistan in the primary center after VAviLtov, namely Nos. 89 and 
134 from Kabul, No. 1079 from Kandahar, No. 1212 and another one from Nomal, 
and two strains, Nos. 790 and 832, were collected in Tehran in the secondary 
center after VAvILOv. 

The introduced strains seemed to be indigenous to those habitat countries. 
They have a smaller number of smaller leaves and smaller bulbs than the garden 
varieties improved in Europe and America. From the morphological point of 
view the introduced strains could be said to be primitive ones. 

Many of the individuals of the Afghan strains had dark-green leaves with 
half-round cross-sections. Wide variations in bulb color were observed but many 
of them were purplish-red. No. 790 from Tehran had light-green leaves with 
round cross-section, and the bulbs of them were white. Almost all plants of No. 
832 had the same leaf characters as No. 790. 

The variations in bulb color would have been caused by the mixing of seeds 
or natural hybridization. There is another possibility that the variation in bulb 
color would have been maintained since the primitive age without selection. 
Among the introduced strains the bulbs of yellow with red neck were found in 
great numbers. This bulb color is not seen among the garden varieties of today, 
and therefore this may be a primitive character. The bulb of Bombay Large 
from India was a little big, but the variation in bulb color in this variety was 
conspicuous, including yellow with red neck, as in the case of some of the intro- 
duced strains. Two strains from Tehran, Nos. 790 and 832, had the leaves 
different from the strains from Afghanistan. 

The pungency of bulbs of the Iranian strains, Nos. 790 and 832, was mild. 
Though the origin of this mild onion is not known, the cultivation of the mild 
onion was popular. It is also interesting that the two strains of mild onion from 
Iran had rather peculiar characteristics, namely, light- or malachite-green bloom- 
less leaf with round cross-section. Those characters are found commonly in Sweet 
Spanish from Spain and Early Grano which is one of the main varieties of mild 
onion today. 5 

All the plants of the strain No. 134 bulbed at 25°C and nearly all bulbed at 
20°C. But none of the plants of Nomal bulbed even at 25°C and seemed to 
require a little higher temperature for bulbing. In No. 832 from Tehran only a 
few plants bulbed at 25°C. But it was not clear, if this strain needed higher 
temperature for bulbing. Many plants of other strains did not bulb even under 
conditions of soil temperature 25°C and day length 17 hours. When the Japanese 
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varieties completed bulbing and started the dormancy period in June, many plants 
of the introduced strains still continued to grow and did not complete bulbing. 

The bolting characters were not investigated thoroughly, but No. 832 did not 
bolt while No. 134 from Kabul and Nomal bolted fairly well. It is known that 
since the continuation of low temperature around 10°C is required for bolting, 
autumn sowing is favorable. It is not well explained however why No. 134 
collected from Kabul, where the monthly average temperature does not differ from 
that of Kurume, Japan during the period of onion cultivation, bolted so well. 

Those introduced strains, which bolted and doubled easily, were supposed to 
have been left without adequate selection for a long period. It could be said 
that most of the introduced strains are primitive, and they will not be useful for 
practical growing in Japan at present. From a breeding standpoint, they are not 
very useful because not a single plant of those strains had disease resistance. 

Two strains of leek, No. 130 and 1077, from Afghanistan had thin leaves. 
The strain No. 820 from Iran with especially thick and long sheath grew 
vigorously but it is not evident if this strain is related to any of the imported 
garden varieties. 


Summary 


1. The seeds of 18 strains of Allium collected in Kabul, Kandahar and Nomal, 
Afghanistan and in Tehran, Iran, were sown. Among the ten germinated strains, 
seven strains were Allium Cepa L. and three strains were A. porrum L. 

2. The leaves of seven strains of onion were erect and small, many in num- 
ber, and the bulbs were flat round and very small. Five strains from Afghanistan, 
segregated in bulb color. 

3. The introduced strains of onion were generally late growing. They re- 
quired 25°C or higher temperatures for bulbing. They bolted and also doubled 
bulbs easily, and were susceptible to downy mildew and other diseases. 

4. The strains of onion from Afghanistan had dark-green leaves with half- 
round cross-section and strong pungency in bulb. The strains from Iran had 
bloomless light-green leaves with round cross-section and mild pungency in bulb. 

5. Those strains of onion were found to be useless for breeding purposes of 
today, because none of them had disease resistance, high productivity and good 
keeping quality, etc. 

6. Among three strains of leek, two strains from Afghanistan were small in 
size and had many of the primitive characters. One strain from Tehran grew 
vigorously had a long and thick sheath. 


Table 7. Temperature and precipitation in Tehran, Kabul and Kurume 

























| 
: Year 
Jan. March | April | May June July Aug. Sept Oct. | Nov. Dec. | average 

Temperature (°C): | 

Tehran, Iran 0.7 5.7 8.9 16.3 21.8 26.7 29. 4 28. 4 25.4 18.8 10.7 5.4 16.5 

Kabul, Afghanistan 0.7 2.1 8.2 14.9 20. 2 22.9 24. 8 24.2 20. 4 14.6 10.4 4.7 13.9 

Kurume, Japan 4.6 5.2 8.7 13.9 18.3 22.3 26. 2 26.9 23.1 17.2 11.8 6.8 15.2 
Precipitation (mm): 

Tehran, Iran 41 45 32 26 19 5 2 1 1 4 28 37S ||, 240 

Kabul, Afghanistan 31 36 103 93 20 5 3 4 1 14 21 11 | 342 

Kurume, Japan 51 17 118 167 155 306 288 162 ; 210 104 67 55 | 1754 














F.N. Latitudes: Tehran 35°41’N, Kabul 34°30’N and Kurume 33°20’/N. 
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Althaea, Abelmoschus and Malva from 
Pakistan, Afghanistan and Iran 


Hikaru KUWADA 


Faculty of Agriculture, Kagawa University, Kagawa-Prefecture, Japan 


The following materials have been placed at my disposal from the collections 
of the Kyoto University Scientific Expedition (KUSE) in 1955. They are listed in 
Table 1. 


Table 1. Materials 





Culture No. KUSE collection No. Locality 
514 : 7-30 Tabriz, Iran 
1030 KT 6-6 Kandahar, Afghanistan 
1031 2 KT 7-20 Kabul, ” 
1130 ! N 55 Gilgit, Pakistan 
1180 N 115 Minapin, a 
1184 ? N 119 ao a 
1187 | N 112 a 4 
1204 | N_ 147 Hunza, “a 








Althaea rosea 
No. 514: Five seeds seemed to be Althaea rosea, but they did not germinate. 


Abelmoschus esculentus 


Nos. 1030, 1031 and 1130: The seeds are shown in Fig. 1. They germinated 
well, and all the plants were annual herbs. Stems were more or less hispid. 
Leaves were cordate in outline, and 5-lobed or divided; the lobes were ovate- 
pointed and coarsely toothed or notched, and bracteoles were very narrow. Flowers 
were solitary and axillary, and yellow in color with a red center. Fruits were 
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long ribbed pods (Fig 2). The chromosome number was 2n=124, 
The other chracteristics are given in Tables 2 and 3 
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Fig. 1. Seeds of a. No. 1030 (top 3 Fig. 2. Pods of Abelmoschus esculentus 


rows), b, No. 1031 (middle 3 rows), a, No. 1030, b. No. 1031, 
c. No. 1130 (bottom 1 row) xca 1.3 c. No. 1130 xca 1/1.7 


Table 2. Characteristics of seeds and pods 























a green | eeee ' green 


oe | Pod length Number of Seed length | Seed width Seed thickness 
No | (em) seeds per pod (em) (em) (cm) 
I Se eh ieee ee re de ar cue <a ade aac eet a oe racer 
1030 _ 21.2 99.0 4.9 + 0.2 | 46402 |! 43402 
1031 | 1430 | 0 | RitD2 | 4H2O8 7 te tH 
um] eet 48201 | 42402 ) 2920.1 
Table 3. Plant characteristics 
| 
Culture fees i ee ee Node | Leaf | Leaf Iman Pod : Color of eee 
| l 
No. | (em) (em) ee a index number number blade petiole stem | pod 
— : pon - —ayoenaters eth eee ae 
1030 | 103. 1 2.8 | 22.7 . Teé 4.7 14. 49 Cramer iste Green Green 
| | | | ! ! eq Reddi 
1031 | 116.4! 2.8 | 27.7 | 181 | 63 | 31 | 9.6 Green’ Red nononice ae 
| “ =| Darke a 
1130 | 62.5) 2.6 | 25.9 85 | 25 | 22) 59 , Bankes Carle) Darbe! Dark 
| | | i 
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Matva verticillata 


Nos. 1180, 1184, 1187 and 1204: The seeds of germinated well and the plants 
were all annual herbs (Fig. 3). Stems were nearly glabrous; leaf margin curled 
or puckered ; inconspicuous whitish small flowers clustered sessile ; the chromosome 
number was 2n=84. The other characteristics are given in Tables 4 and 5. 





Fig. 3. Dried samples of: a. No. 1180, b. No. 1184, c. No. 1187, d. No. 1204 


Table 4. Sizes of seed (mm) 








Culture No. Length | ecterelt Thickness 
oe Paes a na 
1180 2.3 | 1.5. | a4 
| | ! 
1184 2.4 1.5 a2 
: | ‘ 
1187 2.4 1.7 ad 
1204 2.4 1.4 2.2 
| 





Table 5. Plant characteristics 














a | ; Plant Stem Node Node | Pods 
height (cm) | thickness con) number number 
: baste ee ee ee ee oe es 
11g0 193. 3 | ay | 58.7 a 17.9 : Many 
1184 | ce | 2.9 | 60. 1 | 18.8 | 4 
1187 | 208.4 3.1 | S48 | 18.7 | 4 
1204 | 163. 0 | | | 21.2 4 





Stoneless pomegranates from Pakistan and Afghanistan” 


Hitoshi KIARA 


National Institute of Genetics, Misima, Japan 


The stoneless pomegranate is not a new breed. The material was collected in 
Pakistan and Afghanistan by the Kyoto University Scientific Expedition to the 
Karakoram and Hindukush, 1955 CYamasuita 1955). As it is little known in the 
literature of horticulture, I would like to describe the anatomy of the stoneless 
seeds. It might have arisen as a bud sport in Afghanistan or Pakistan. Since we 
eat the developed outer integument of the pomegranate seed, botanically the name 
seedless can not be applied. 

For the anatomal examination Afghan material was used. From a careful 
examination we found that the ripe seeds of the “stoneless pomegranate” contain 
embryos and endosperms, which are enclosed in two layers representing the inner 
and outer integuments of the ovule. The embryo does not develop to normal size, 
though it is not malformed. An endosperm is formed, but remains without cell 
walls. In normal seeds the outer layer is lignified and the seed is a stone con- 
taining an embryo. In the stoneless pomegranate only the outer layer near the 
embryo is lignified (Fig. 1). 

Anatomical differences in the development following pollination between the 
normal and the stoneless pomegranate are shown in Table 1 (SuTdé 1958). This 
table shows that the main difference between seedless and normal pomegranates is 
the absence or presence of lignification of the outer integument. 

Both stoneless and normal pomegranates of Pakistan have 16 chromosomes in 
somatic cells as already counted by Yasui (1936). However we have not yet ex- 
amined the chromosomes of the Afghan variety. Pollen-sterility of the stoneless 
pomegranate was observed in flowers fixed in Pakistan and Afghanistan. In the 
Afghan variety it was high at 97 per cent. The number of stoneless seeds per 
fruit was about half of that of the normal variety; the size of the fruit was 
appoximately the same; I have counted 667 seeds in one normal fruit and 307 in 
a seedless one. However the stoneless seeds are somewhat elongated (Fig. 2). 

The stoneless pomegranate seems to be a new type of “seedless” fruit. Lack 
of lignification of the outer integument is the main cause of so called seedlessness 
in this case. The retardation in the embryo development seems not to be of 


1) Contributions from the National Institute of Genetics, No. 561. A part of the present data 
was presented in an author’s previous publication (KinARA 1958). 
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Fig. 1. Longitudinal sections of pomegranate seeds 

a. Normal: white area at the center is occupied by 
the embryo. Strongly stained tissue (black) around 
the embryo is the lignified outer integument. There 
is no lignification at the chalazal end. b. Stoneless: 
a small embryo is present. No lignified outer in- 
tegument. Endosperm is not absorbed. Free nuclei 
are visible. Round black spot is the debris of an- 
tipodal cells 


Table 1. Anatomy of mature seeds in normal and stoneless pomegranates 





Normal Seedless 


Embryo develops well and Embryo always present but its 
occupies whole embryo sac. 


Embryo 
development is retarded. 


E is invisibl 
Endosperm nS ees Ese TERE Free nuclei are visible. 
(already absorbed). 





Tegmen Almost invisible. Same as normal, 


2 Ceil membranes are lignified Only cells near the embryo are 
Outer integument ie oe ah hie SE 








except the chalazal end. lignified. 


- Radially arranged parenchyma- 
Epidermal tissue tous cells with pectinized cell Same as normal, 


membranes, 


(Summarized from Suté 1958) 


eerer 
ebro 
ARES, 


Fig. 2. Seeds of pomegranates 
a. Normal _ b. Stoneless 


primary importance for the stonelessness of the seed. In normal seeds lignification 
of the outer integument is completed, when the embryo occupies 1/5 of the embryo 
sac. Considering that the stoneless pomegranate is highly pollen-sterile, the form- 
ation of the embryo is a problem to be solved. 
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Addenda 


When the writer went to India in 1959, he found the “seedless’’ pomegranate, 
sold in the New Market of Calcutta. Seeds are round and they are not fully 
stoneless. Still we can crush the integument easily with our teeth. However our 


mouths became full of stony cells. The embryos are well developed and the 
germination is good. 


Morus alba et M. nigra 


Teikichi HoTTa 


Kyoto University of Industrial Arts and Textile Fibers, 
Kyoto, Japan 


Morus alba LINN. 


Morus alba Linn,, sp. Pl. ed. 1, p. 986 1753 et II, 1, p. 1398 (1763); Syst. veget., 
p. 710 (1759)-Houttuyn in Linn., Pfl. Sys., III, p. 284 (1777)-WILLDNENow, Sp. Pl, 
IV, p. 368 (1805)-Dietricn, Lexic. Gart. Bot., p. 260 (1806)-Roxsur.e., Fl. Ind. ed. 
2. III. p. 594 (1832)-SeRINGE, Desc. et cult. Mar., p. 10, tab, I-17 (1855)-Bureau in 
Dc., PRopromus, XVII, p. 238 (1783)-Hooker fil., Fl. Brit. Ind. V, p. 492 (1888)- 
Forspes and HemsLey, Jour. Linn. Soci. XXVI, p. 455 (1889-1902)-Wison, PI. 
Wil. III, p. 294 et 302 (1907-1910)-Nakal, Jour. Coll. Sci., Imp. Univ. Tokyo, 
XXXI, p. 193 (1911)-Korpzum1, Imp. Sericult. Exp. Stat., III, 1, p. 52 (1917) et 
II, 1, p. 28 (1923)-REHDER, Jour. Arn. Arb., IIX, p. 102 (1927)-YENpDo et Hicucul, 
Traité sur la cult. du Mar. au Jap. p. 17 (1930)-Makino and Nemoto, FI. Jap., 
p. 218 (1931)-Terazaki, Icon., Pl. Jap. p. 47 (1933)-Hotta, Tax. St. Cult. Mulb. 
Jap., p. 6 (1954). 

Syn. Morus indica Linn. pro parte, Sp. Pl. ed. 2, p. 1398 (1763)-BuRMAN in 
Rumpuius Hab. Amboin. p. 8, tab. 5 (1755) et in SerINGE, Desc. Cult. Maéar., atl. 
13, tab. 21, fig. 1 (1855). 

Morus tatarica Linn., Sp. Pl. ed. I, p. 986 (1753); Syst. Vegt., p. 710 (1759) 
et 2, p. 1399 (1763)-Houttuyn in Linn., Pfl. Syst., II, p. 290 (1777)-Pattas, FI. 
Ross, I, 2, p. 9, tab. 2 (1784)-WiLLDNENOw, Sp. PI. IV, p. 369 (1805)-DietRicu, 
Lexic. Gart. Nachk., V, p. 153 (1819). 

Morus alba LinN., var. vulgaris Bureau in Dc., Propromus, XVII, p. 238 
(1873)-C. K. Scuneiper, Illust. Handb. Laubholzk., Ed., I, s. 237 (1940)-Ascuers. et 
GRAEBN., Syn. Mittelleurp. Fl, Bd. IV, s. 579 (1911). 

Morus italica PotreT, in LAMaRcK, Encycl. Bot. IV, p. 377 (1797)-Pers. PL, II, 
p. 597 (1807)-Dietricu, Lexic. Gart. Bot. Nachtr., V, p. 153 (1819). 

Morus byzantina SieBo_p, Herb. FI. Gret., (1820) ex Steup., Nom. ed., II, 2, p. 
162 (1840). 

Morus macrophylla Moretti, Del. Sem. Hort. Ticin (1829). 

Morus Tokwa SiEBOLD ex PETZOLD et KIRCHENER, Musc., p. 547, pro parte (1864). 

Morus alba Hemstey, Jour. Linn. Soc. XXVI,p. 455, pro parte (1894)-PRITZEL 
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in ENGLER, Bot. Jahrb., XXIX, p. 297, pro parte (1900)—-Komarov, FI. Mansch., II, 
p. 91, pro parte (1903)-C. K. ScHNEIDER in SARGENT, Pl. Wilsonianae, III, 2, p. 294, 
pro parte (1916). 

Morus heterophylla Loupon, Ard. et Frut., II, p. 1391, sec. Ind. Kew (1818). 

Morus tortuosa Aupip, ex Morretti, Gional. Inst. Lomb. Sc., I, p. 182, Sec. 
Ind. Kew (1841). 

Morus nervosa DELILE, ex Spach, ibid, II, p. 33 (1835). 

Morus alba Linn, var. tatarica M. Bies., Fl. Tauriocaucasia, II, p. 398 (1808)- 
YenbDo et Hicucui, Traité sur la Cult. du Mar., au Jap., p. 32 (1930). 

Morus patavina Hort, Spach, Hist. Natur Végét. Phanéro., Paris, XI, p. 43 
(1834-48). 

Morus lucida Hort, Arb. et Furt., III, p. 1350 (1836). 

Morus nigra Linn. var. laciniata Bureau in DC., Prodr., XVII, p. 238 (1973). 

Morus alba Linn. var. Kasasagi Hotta, Trans. Sapporo Nat. Hist. Soc. XIV, 
p. 277 (1936). 

Arbor vel frutex mediocris ad 12 m alt. trunco 10~80 cm lato, cortice cinereoa- 
lbo vel cinereofusco. Ramulus plusminus gracilis, erectus vel solito magis inflexus, 
juventute plusminus pubescente. Gemmae late ovatae, apice acutae. Folia memb- 
ranacea orbiculari-ovata, ovato-lanceolata, elliptica, subcordata, vel 2~4 (~6) leviter 
vel profunde lobata, supra viridia, nitida vel non nitida, levia vel parce scabra, 
subtus pallidula, apice plerumque acuta vel acuminata, lobis acutis vel rotundatis, 
margine dentato-serrata vel crenato-serrata, basi leviter vel profunde cordata rare 
cuneata vel truncata, lamina 10~15cm longa, 8~12cm lata, petiolis pubes-centibus 





a: M. alba L. b: M. nigra L. 
Fig. 1. Pressed samples of Morus 
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supra canaliculatis mox glabris( Fig. la). Apex cellulae cystolithicae obtusus vel 
acutus rare papillato-curvatus (Fig. 2). 

Amentum femineum ovoideum usque oblongum, stylo nullo, stigmatibus 2 
subulato-filiformibus 1.2~2.5 mm longis intus mimute papillosis primo rubris mox 
atratis rare albis. 

Nom. Jap. Karayama-guwa. 

Hab. In toto territorio Pakistaniae, Afghanistaniae et Iraniae; apud Mashhad 
in Irania (K. YAMASHITA, no. 719); apud Tabriz in Azerbaijania (CH. Kiwara, no, 
357) ; apud Hunza in kashmiria (S. Nakao, no. 1201); apud Gilgit in Kashmiria 
CS. Nakao, no, 1207). 

Distr. Pakistania, Afghanistania, Irania, apud Kashmiriam in India et China. 


Morus nigra LINN. 


Morus nigra Linn., Sp. Pl. ed. 1, p. 986 (1753); et Syst. Vegt., p. 710 (1759) ; 
ed. 2, p. 1398 (1763); Houttuyn in Linn., Pfl. Syst., II, p. 2 85 (1777)-WILLbN., Sp. 
Pl. IV, 2, P. 365 (1805)-Dietricu Lexc. Gart. Bot., s. 285 (1806)-Lepes., Fl. Ross., 
III, 1, p. 644 (1849-50)-Serince, Deser. Cult. Mar. p. 220, tab. 6, fig. let 19 (1855) 
-Kocnu, Syn. Fl. Germ. et Helv. ed. 3, s. 552 (1857); Dendrol. II, 1, s. 444 (1872)- 
Bureau in DC., Prodr. XVII, p. 283 (1873)-C. K. ScuNnerer, Illust. Handb. Laubho- 
Izk., I, s. 235 (1906)-AscuHers. et GRAEBN. Syn. Milleleurop. Fl. IV, s. 557 (1911). 

Morus siciliana Mill., Gard. Dict. ed. 8, 2, in erratis (1763) (sec. Ind. Kew.). 

Morus laciniata Mui.u., Gard. Dict. ed. 8, 2; -DieTRicu, Lexic. Gartn. Bot., VI, 
s. 261 (1768). 

Morus scabra Morett. (non WILLDN.) in Gion Inst. Lomb. Sc. I, P. 180 (1841) 
(sec Ind. Kew.). 

Arbor vel frutex mediocris ad 6m alt. cortice rubrofusco. Ramulus plusminus 
gracilis. Gemmae late ovatae. Folia membranacea, utrique subcordata vel ovato- 
lanceolata, supra viridia non nitida, subtus tomentosa dentato-serrata vel crenato- 
dentata, apice obtusa vel acuminata rare rotundata, margine basis auriculato-cordata 
vel cordata, petiolis breviter 1~1.5 cm longis (Fig. 1b). Apex cellulae cystolithicae 
acutus (Fig. 2b). 

Stylus nullus, stigmatibus 2 sessilibus intus minute papillosis primo rubris mox 
atratis rare albis. Stipula lanceolata extus ad costam mediam parce puberula 
caduca. 

Amentum masculum plerumque cylindricum, rare pendulum, ca. 0.5~1.5cm 
longum, rachidibus pubescentibus, floribus sessilibus. Tepala elliptico-ovata, apice 
obtusa, extus parce puberula. Amentum femineum ovoideum usque oblongum, 
stylo nullo, stigmatibus 2 sessilibus intus minute papillosis primo nigris mox atratis. 

Nom. Jap. Kuromi-guwa. 
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a: M. alba L. b: M. nigra L. 
Fig. 2. Cystolith cells of Morus 


Distr. Asia occidentalis: Pakistania, apud Quetta in Pakistania, apud Pontus in 
Afghanistania; Transcaucasia, Irania; Babylonia, America, Caucasia australis et 


Tauria. 


Photographs 


KUSE 1955 


Photographs presented here have been furnished by 
Kitamura, Nakao, Nara, Umesao and YAMASHITA 


and arranged by YAMASHITA and NAKAo, 
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List of Photographs 


Arrival at Karachi, May 15, 1955 
Rearrangement of equipments 

Cobra show in Karachi 

At the Agricultural Exp. Station, Quetta 
Street scene of Kabul 

Herborization trip along the Kabul] River 
Street scene of Mazar-i-Sharif 

A traveler in Turkestan 

“Nancy” and “Atago” in the desert 
Vegetation of the Zarmast Pass 
Adjoining carpet shops in Herat 

Tea plantation in Rasht 

A view of the Lake Rezaiyeh 

Alpine vegetation of the Parun Pass 
Taimani Tribe in Ghorat 

Base camp in Zirni 

A long beam plow of a Moghol farmer 
Taimani musicians for circumcision 
Wedding party in the Moghol Community 
Pushtun Tribe in Ghorat 

Foundation Day in Taiwara 

Departure of coolies from Nagar 

Food preparation on glacier 

Sculptures in Taxila 

A view of Hunza 

K2 seen from Concordia 

A view of the Hispar Village 

Snout of the Hispar Glacier 

Camp on glacier at Dachigan 

Dinner on the Hispar Glacier 

March down the crevasse 

Down the Hispar Pass 

Oasis of Shigar 

Paiju Peak seen from the Baltoro Glacier 
Pinnacles on the Baltoro Glacier 

Voyage on the Braldu River 

Musicians in Hunza 

Water from the Minapin Glacier 
Cameramen in Karachi 
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1. Arrival of the members of KUSE at the Karachi Air Port, Pakistan. May 15, 1955. 


Back row from left: Mr. Hacuiya*, Okazaki, Mr. SHiGIHARA* KITAMURA, IMANISHI, 
Kinara, Mr. Fuxaya*, Iwamura, MatsusHiItaA, YAMAZAKI, Mrs. Fuxaya* and Mrs. 
Hacurya*. 


Front row from left: Nakao, Harapa, Umesao, Huzira and Mr. Kapota* 


Remarks: * Members of the Embassy of Japan in Karachi, Pakistan. 


YAMASHITA was then in Kabul, Afghanistan, as a forerunner. 
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2. Boxes and packages of equipments are placed in order in the back yard of the 
Embassy of Japan, Karachi, Pakistan. May 18, 1955. Nakao rearranges them for 
the respective teams. 





3. In the bazar of Karachi, Pakistan. May 19, 1955. Nara, the Reporter of the 


Press Asahi, makes a recording of the music of a cobra show. 
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4. At the Agricultural Experiment Station, Quetta, Pakistan. May 26, 1955. KiHaArRA 
and KiTamuRA arrange the collected samples of wheat on the tonret of “ Atago”. 
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5. A street scene in Kabul, Afghanistan. June 12, 1955. A farm boy sells Allium 


on donkey back, while others sell rubarbs by the roadside. 


10. Vegetation in the arid zone of the Zarmast Pass, Afghanistan. July 1955. 
Plants form spherical bushes or colonies. Main components are the species of 


Caryophyllaceae. 


11. Adjoinning shops exhibit colorful Afghan carpets for customers in a_ bazar 


Herat, Afghanistan. July 








12. Tea plantation in the lowlands near Rasht on the Caspian Sea, Iran. July 21, 
1955. Women pick young leaves. 





13. A view of the Lake Rezaiyeh with salt-white shore. July 28, 1955. Plants in 


the fore-ground are Onopordon leptolepis or “ giant thistles ”. 
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6. Drive for herborization to Jalalabad along the Kabul River, Afghanistan. 
KITAMURA’S interesting songs and stories kept the poor drowsy driver 


16, 1955. 
awake. 
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A street scene of Mazar-i-Sharif, Afghanistan, with the beautiful green Mosque 
June 29, 1955. Men carry things to sell on shoulders. arms or 


“nan” or fresh melons. 


he 
in the back ground. 


head, colorful carpets, hot 
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8. <A traveler on a donkey back, Turkestan, Afghanistan, June 30, 1955. He holds 
firmly on to a water bottle which is very important and indispensable for a travel 
through the arid plain. 





9. In the sands between Shibarghan and Aq Chah, Afghanistan. June 30, 1955, 
“Nancy ” and “Atago” were not able to get out of the sands before sunset in 
spite of every effort. They decided to bivouac there. From left Mr. Jean WATRINET, 


Mr. Jacques BourGUIGNON and YAMASHITA. 
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10. Vegetation in the arid zone of the Zarmast Pass, Afghanistan. July 5, 1955. 


Plants form spherical bushes or colonies. Main components are the species of 


Caryophyllaceae. 


11. Adjoinning shops exhibit colorful Afghan carpets for customers in a_ bazar 
Herat, Afghanistan. July 6, 1955. 





12. Tea plantation in the lowlands near Rasht on the Caspian Sea, Iran. July 21, 
1955. Women pick young leaves. 


A view of the Lake Rezaiyeh with salt-white shore. July 28, 


the fore-ground are Onopordon leptolepis or ‘ giant thistles ” 











14. Alpine zone near the top of the Parun Pass, Nuristan, Afghanistan. Aug. 6, 
1955. Association of Cousinia Trolii, Polygonum affine and Juniperus polycarpos 
var. seravschanica. 





15, Nomadic life at Nili near Zirni, Ghorat, Afghanistan. Aug. 9, 1955. Square 


tents seem to be characteristic to the Taimani Tribe in Ghorat. A flock of goats 
and sheep arrive home from grazing. 
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16. Base camp in an orchard of old apricot trees at Zirni, Ghorat, Afghanistan. 
Aug. 11, 1955 A large tent was used for the office and dining room, and the 
smaller ones were for YAMAZAKI, UmMesao and Mr. Ahmad ALI. 





17. At Zirni, Ghorat, Afghanistan. Aug. 12, 1955. A Moghol farmer demonstrates 


a wooden plow with a long beam 





18. The Taimani musicians of the ceremony of circumcision in the Moghol com- 
munity in Zirni, Ghorat, Afghanistan. Aug 17, 1955. They visit from village to 
village. 





19. On the occasion of the wedding ceremony in the Moghol community in Zirni, 


Ghorat, Afghanistan. Aug. 24, 1955. People enjoyed dancing all through the night. 
Their sleeves and skirts wave softly when their bodies sway to and fro to the 
sound of drum and pipe. Any tribe can join the party: the person furthest right 


is a Pushtun. 
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20. Nomadic village of the Pushtun Tribe near Zirni, Ghorat, Afghanistan. Aug. 22, 
1965. Wives keep tents, while men are out during the day-time. Children play 
hide-and-seek 





21. At Taiwara, Ghorat, Afghanistan. Aug. 30, 1955. The ceremony of the Founda- 
tion Day of Afghanistan was held from 8:00. One of the varieties of the festival 
performances was the wrestling match in the afternoon. A large audience of the 
Taimani Tribe forms a circle around the wrestling ground. 


22. Departure of coolies from Nagar, Pakistan : 1955. The Mir himself 


23. Preparation of food for coolies and sahibs at Dachigan on the Hispar Glacier, 


Pakistan. July 10, 1955. ‘“ Ata” (wheat flour) is the staple food to make “ chapatti’ 


They bake it on a slate placed over fire set in a rock furnace. 








Pr - at 


24. Sculptures with Greek and Indian influences found in the ruined Buddhistic 
monastry near Taxila, Pakistan. May 26, 1955. 


v& 
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25. A view of the Oasis of Hunza, Pakistan. June 10, 1955. Main irrigation canal 
leads to the top level of the slope so that water is easily distributed to the lower 


fields. 





26. A view of the K2 from the Concordia on the Baltoro Glacier, 
12, 1955. So called amphitheatre, or the place of Concordia, was the 
the Baltoro Glacier trip. They gave a toast to the K2 with tinned 


by the German expedition in 1954 


=< 310 


last 


beer 


Pakistan. 


point 


left « 





July 


of 


ver 





27. The village of Hispar, Pakistan, that is known for its high altitude (9,410 ft. 


above sea-level). June 15, 1955. The inhabitants build houses with mud and stone 
walls and flat roofs. The fields are well irrigated, otherwise it is impossible to grow 


any crop. In a field in the fore-ground, furrows are made in rows for irrigation. 





28. A view of the snout of the world’s third largest mountain glacier, the Hispar, 
Pakistan. June 17, 1955. 





29. Camp at Dachigan with the Hispar Wall Mountains and Nusik La in the back 
ground, Pakistan. June 18, 1955. A personal tent was provided for every member 


for privacy and undisturbed sleep. 
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30. Dinner table set in the midst on the Hispar Glacier, Pakistan. June 23, 1955. 
Dinner was not so poor with ‘‘Ata” and rice obtained in Gilgit. Imanisu1 plays 
the table master sitting on a folded mattress. 





31. On the Hispar Glacier, Pakistan. June 23, 1955. Nagar coolies march across 


the big ice crevasse. In the beginning they feared snow and ice, but finally they 
endured every difficulty to pass through. 





32. Down the Hispar Pass, Pakistan. June 25, 1955. They crossed the Hispar Pass 
with no difficulties. Then the sun shone so strong that the bare skin was burned 
by dazzling reflection from white snow. 
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33. In the polo-ground at Shigar, Pakistan. July 28, 1955. Shigar is an old and 
beautiful oasis town with rich water. The lawn of the public polo-ground is kept 
green and fresh by irrigation during the night. 
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34. Facing the Paiju Peak from the midstream of the Baltoro Glacier, Pakistan. 
July 8, 1955. The Baltoro Glacier is covered by a layer of gravels and boulders. 





35. In the mid-stream of the Baltoro Glacier, Pakistan. July 11, 1955. In the upper 
half of the stream of the Baltoro Glacier, many white ice pinnacles stand in rows 


forming the stream lines. 
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36. At Shigar, Pakistan. July 29, 1955. It was a pleasant journey on the skin-cora- 
cle boat which skilled Baltit sailors handled from Shigar to Skardu on the Braldu 
River. 





37. At Hunza, Pakistan, Aug. 15, 1955. With flutes, tam-tams and cymbals people 


played happy melodies for the performance of sword dance. 
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38. At the snout of the Minapin Glacier, Pakistan, Aug. 21, 1955. The necessary 
irrigation water to nourish the oasis is often drawn directly from the glacier. Two 
boys repair the irrigation ditch from the end of the glacier. 


39. Hayasnipa (right) and Nakamura (left), the Cameramen of the Nichi-Ei Shinsha. 


Aug. 31, 1955. The movie films they took during the expedition were edited in a 


documentary titled “ Karakoram ” which was honored with various prizes. 
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Itineraries of the Respective Parties of 
the Kyoto University Scientific Expedition (KUSE) 
to the Karakoram and Hindukush, 1955” 


Advance Arrangement I, by IWAMURA and HUZITA 


For necessary advance arrangements, IwAMURA who tra- 
veled to Pakistan and Afghanistan in 1954 left Tokyo for 
Karachi by 18:00 flight of KLM on April 4, 1955, accompanied 
by Huzita with a plan of staying overnight in Bangkok. 


April, 1955— 

6: Iwamura arid Huzita arrived in Karachi at 23:00, and were kindly received 
by Mr. Fukai, Secretary of the Embassy of Japan. Hotel Carlton. 

12~14: Preparations with Mr. Abdul RauMan, the officer of the Government of 
Pakistan, concerning the Scientific Expedition of the Kyoto University C(KUSE). 
Application for tax-free importation of equipments was accepted. 

17: Left® Karachi at 7:00 by air on a reconnaissance tour to North Pakistan, 
including Kashmir. Colonel Mr. Ata ULLAn, the Vice-President of the Kara- 
koram Club, received them kindly at the Rawalpindi airport. 

18: Visited the Political Agent of Kashmir for detailed arrangements of the 
plans. The plan to go through the Chiringa Pass was not permitted. 

19: Excursion to the Taxila ruins. 

20: Mr. and Mrs. FuxKal arrived from the Embassy of Japan in Karachi. Permis- 
sion for the trip to Gilgit was issued. Mr. A. ULLAH came to see them accom- 
panied by Captain G. Safdar Butt, who gave a talk at the Rotary Club 
meeting about the Italian K2 Expedition, which he himself had joined. 

21: Flew to Gilgit through the Indus Valley. Mr. Humayn Bec took them to 
the guest house of the Political Agent. Vine roses were beautiful in full 
bloom with snowy mountains shining in the background. Mr. Mohammed J. 
Kuan of the Political Agent gave every consideration to the facilities for 
KUSE. A short trip to the Kalga Valley for trout fishing. 

22: According to the kind arrangement of the P.A., moved to a bungalow in 
Tarichi with a view of the Nanga Parbat seen in one direction and the 





1) The present narrative has been composed on reference to the field notes of the members 
and “ The travels to the Karakoram and Hindukush” edited by H. Kinara, 1956, pp. 205~ 
298. The Times Atlas of The World, and The Oxford Atlas have been consulted often 
for the locality names. 

2) Common subjects are often omitted in the sentences in every chapter of the narrative. 
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Kobando in the other. <A sharp peak of the Pirucharu Dobando could also be 
seen. 

April 24: Returned to Gilgit. 

25: Gilgit- Rawalpindi by air. The plane flew close to the Nanga Parbat at an 
altitude of 5,500 m. 

26: Rawalpindi- Peshawar by train. 

27: Mr. M. Auman, the Political Agent of the North West Province, gave his 
consideration to the Chitral and Waziritan trips in an unavoidable change in 
schedule due to the Pakistan - Afghanistan grievance. 

28: Peshawar - Karachi by air. 

May, 1955— 

6: The Ryuwamaru, the Japanese freighter, arrived in Karachi with a load of 
equipments for KUSE. 

7~13: Iwamura flew to Tehran, for advance arrangements for the visit of 
KUSE at the later stage. 

12~13: Hayasnipa, the Cameraman of the Nichi-Ei Co., and Nara, the Reporter 
of the Press Asahi, arrived in Karachi. 

15: Kinara and the members arrived in Karachi (Photo. 1). Beach Hotel. 


Advance Arrangement II, by YAMASHITA 


Considering the urgent necessity of arrangements for the 
travel to Afghanistan because of the boundary grievance 
between Pakistan and Afghanistan, it was decided to send 
a secondary forerunner to Afghanistan via India. Accordingly 
YAMASHITA left Tokyo in the evening of April 30, 1955 by AF.. 


May, 1955— 

2: YAMASHITA arrived in New Delhi. Hotel Ambassador. 

3~12: Waited for the flight of Air India to Kabul which had been closed for 
unknown reasons. Newspapers reported that every Afghan office in Pakistan 
will be closed and the Afghan Embassy will draw back to Kabul from Karachi, 
and also that Pakistan will have an economic blockade against Afghanistan. 
While waiting, the visa to Afghanistan was arranged at the Afghan Embassy 
in New Delhi. Lectured at the University of Delhi in Delhi and also at the 
Indian Agricultural Research Institute in Pusa on the cytogenetic studies in 
wheat. 

13: Left New Delhi at 5:00 by the reopened first flight of Air India, and arrived 
in Kabul around noon. As it was Friday, the Mohammedan holiday, streets 
were crowded with a great number of people. Trucks loaded with young 
men mobilized by the army proceeded through the streets. People raised 
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cheers when the parade passed by. Kabul Hotel. 


May 14: Moved to the bungalow of the Marubeni Co., Osaka, Japan, through the 


15: 


16: 


17: 


18: 


19: 


20: 


21: 


22: 


kindness of Mr. and Mrs. M. Nakamura, the Chief of the Kabul Branch of the 
Co.. As the Embassy of Japan was not yet established in Kabul at that time, 
YAMASHITA had to do every arrangement by himself. Visited Dr. A. Mann, 
the Minister of Education, and requested his assistance for the plans of KUSE. 
He understood the details and elected Mr. T. Etemapr of the Department of 
Foreign Relations as a liaison officer to KUSE. 

Visited Mr. Abdullah YaFTAut, the Director of the Procurement Agency to 
apply for the gasoline supply and then Mr. Abdul Wahd Tarzi in the Press 
Department (=Board of Information) to get permission for taking pictures. 

Mr. MUENZENMAIER, the German engineer of road construction who had been 
stationed in Kabul for four years, kindly gave a precise information of the dis- 
tances between main places in Afghanistan as follows. 


Kabul <— 64 km — Charikar < 192 km — Doabi — 100 km — Doshi 

Doshi <— 56 km — Pul-i-Khumri <— 95 km — Haibak <— 64 km — Tashkurghan 
Tashkurghan < 58 km — Mazar-i-Sharif — 107 km — Aq Chah <— 55km — Shibarghan 
Shibarghan <— 74 km — Andkhui < 100km — Dauratabad < 48 km — Maimana 
Maimana < 66 km — Qaisar <— 120km — Bala Murghab <— 117 km - Qala Nau 

Qala Nau — 164km — Herat <— 125km — Islam Qal’eh — 10km — Iranian Border 


Visited Mr. Abdul Malik Kuan, the Minister of Financ, who had been in 
Tokyo several weeks ago. 

Visited the Department of Agriculture. 

On a car provided by the Imperial Household, YAMASHITA visited His Highness 
Sakar Mohammad Naim, the Minister of Foreign Affairs, who understood every 
respect of the KUSE plans. 

Joined a picnic of the Gosho Co., Osaka, Japan, to the former Palace Garden 
in Paghman, where hawthorn bushes were in full bloom. Received a cable 
from KiHaARA in Karachi, directing to come to the border after the completion 
of the necessary arrangements. 

The arrangements were completed with Mr. ETemap! as follows: (1) maps of 
Afghanistan, (2) driver's licence of Afghanistan, (3) letter of introduction to 
the Governer of Kandahar, (4) permissions of entrance for (a) Kiara, KITAMURA, 
UMESAO, YAMAZAKI, NAKAMURA and Nara through Spinboldak, and (b) IWAMURA 
and Okazaki through the Khyber Pass. 

Further schedules for KUSE were arranged with Mr. ETemMapr: (1) reception 
by the Ministry of Education, (2) the same by the Minister of Education, 
(3) lecture at the Kabul University by Kinara, (4) visit to the Museum, and 
(5) picnic to the former Palace Garden in Paghman. 

Another cable arrived from K1HARA with a notification that the Hindukush 
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Team of KUSE arrives in Quetta on the 24th, and passes the border on the 
31st. 


May 23: Left Kabul by the Ariana Air Lines at 7:45, and arrived in Kandahar 


24: 


at 9:30. Kandahar Hotel. Mr. M. Taher Kuan, the Chief of the Board of 
Education, came to see YAMASHITA in the hotel with a direction from Mr. ETE- 
MADI. The hotel ground was adorned with beautiful flowers of oreanda. 

After visiting Mr. Syed Alum KHAN, the Vice-Governer of Kandahar, left 
there by jeep provided by Mr. M. T. Kuan with the intention of crossing the 
border immediately. Arrived in Spinboldak. It became clear that the forma- 
lities for permission to leave Afghanistan had to be completed in the Police 
Office in Kandahar. As the telephone was out of order, kindly a clerk was 
sent to Kandahar with the passport. A room of the custom office equipped 
with an Afghan wooden bed was provided for the overnight stay. A great 
trouble was that an English-Persian dictionary, which would have been very 
useful, was left in the Hotel Kandahar. YAMASHITA was therefore just like a 
poor deaf and dumb. (Fig. 1). 





25: 


Fig. 1. Sketches of animals in Spinboldak, Afghanistan. May 25, 1955 


Just before noon, the clerk who ran to Kandahar came back, completing the 
necessary arrangements. Left the office walking on foot toward the border, 
because there was no other way of transportation. As the border was econo- 
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mically blockaded by Pakistan, YAMASHITA was actually the only man to cross 
the border. Arrived in Chaman at 13:10 after a long walk on a burning hot 
road. Rest in the Dak Bungalow. Mr. R. A. Peart, the Agent of the Morrison 
and Knupsen Co., Tacoma, Washington, U.S.A., received him very warmly 
with Coca-Cola and canned fruits. A military tension was noticeable by the 
whizzing of jet planes, and the noise of caterpillars of tanks. 

May 26: Left Chaman at 7:00 by train. The oasis of Quetta was seen in the 
distance from Beleri. Arrived in Quetta at 15:00 and met Kimara, KITAMURA, 
Umesao, YAMAZAKI and NAKAMURA in the Lourdes Hotel. 


Arrival of the KUSE Members in Karachi, Pakistan, 
KIHARA, IMANISHI, MATSUSHITA, KITAMURA, HARADA, 
NAKAO, YAMAZAKI, UMESAO, OKAZAKI and NAKAMURA 


May, 1955— 

14~15: Members left Tokyo by Air France on May 14, and arrived in Karachi 
on May 15 and met Iwamura, Huzita, Nara and Hayasuipa. Beach Hotel. Mr. 
YAMAGATA, Ambassador of Japan, Mrs. YAMAGATA and all the secretaries and 
officers of the Embassy of Japan came to the airport to receive them. (Photo. 1). 

16: All the members visited the Embassy of Japan. 

17~21: Preparations. In the sweltering heat equipments were rearranged for the 
respective teams. (Photos. 2, 3). 

22: Iwamura and Huzita left by air for Rawalpindi for advance arrangement, 
while, ImanisH1, MAtTsusHita, Nakao, HARADA, Okazaki and HayAsHIDA left 
Karachi by the Khyber Mail, the express train, for Rawalpindi at 21 : 00. 

23: Kinara, KITAMURA, YAMAZAKI, UMESAO, NARA and NAKAMURA left for Quetta 
by 11:20 train. 


HINDUKUSH TEAM 


Quetta - Chaman Trip 


May, 1955— 

24: Kinara, KiTAMURA, YAMAZAKI, UMESAO, NARA and NAKAMURA arrived in 
Quetta, the beautiful oasis town with paved promnade of Platanus orientalts. 
Hotel Lourdes. Mr. AspuL was hired as a driver of the “ Atago’’,” the Japanese 
jeep of KUSE. 

25: Kiara visited the office of the Quetta Province. Dr. A. A. KHAN gave 





1) ‘“Atago” and “ Kurama” were the nick names given to two jeeps. They are the names of 
the mountains in Kyoto. 
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various agricultural informations: one of the main crops is wheat; potato has 
been introduced from the Netherlands; and others are melons, peas, tomatoes, 
apples, grapes, pomegranates and apricots. 

May 26: Air temperature was 22.5°C at 6:00. They visited the Agricultural 
Experiment Station where Aegilops squarrosa was found in the wheat fields. 
(Photo. 4). Hordeum spontaneum and Avena fatua were found everywhere. 
YAMASHITA arrived from Afghanistan. 

27: Ae. squarrosa was found abundantly in the forest (protected for 50 years) 
at Hazar Ghanj, 12 miles south-west of Quetta. Sparsely grown Pistacio 
cabreca, Fraxinus xanthoxyloides, and Artemisia kuramensis were the main 
components of the forest. KITAMURA, YAMASHITA, UMESAO and YAMAZAKI 
began a lesson of Persian language by a local teacher. 

28: Excursion to Ghiristan accompanied by Mr. N.H. Kuan, 45 km north of Quetta, 
where a few trees of seedless pomegranate were found in an orchard. Collected 
materials were investigated in the temporary laboratory set-up in the hotel. 

29: Yamasuita drove “ Atago” for UMEsao and YAMAZAKI to the north of the 
city for a preliminary survey of the nomad tribes. Tea party at Mr. N. H. 
KHAN in the evening. 

30: Shopping of fruits and vegetables as well as the seeds of local crops from 
the market. The lesson of Persian language was finished. AIl the members 
took enough rest during the stay with comfortable weather in Quetta after 
the fatigue of their long trip from Japan. 

31: Kinara, YAMASHITA and NAKAMURA left Quetta at 7:00 on “ Atago”, and 
KITAMURA, YAMAZAKI, UMESAO and Nara on a hired truck loaded with 
equipments. Herborizations on the way were very rich. All arrived in Chaman 
at 12:00. They thought they would be able to pass the border right away, 
but trouble arose there. A document of importation for “ Atago”, which was 
not complete, was requested to show at the customs. Every effort to get 
an understanding by the custom officer was of no use. He emphasized “ The 
border is actually blockaded against Afghanistan!”. KrHara called on the 
Embassy of Japan in Karachi by telephone and asked them to deliver the 
necessary documents. The Dak Bungalow was arranged for one night. 

June, 1955— 

1: Moved to the Railway Bungalow, but meals were prepared at the Dak 
Bungalow and YAMASHITA carried each meal by jeep. Pressed plant specimens 
dried easily because of the arid weather, 

2: Excursion to the Chaman Pass for herborization. Air temperature at 15:00 
was 30.5°C, and wet bulb thermometer indicated 12.8°C. Accordingly the 
humidity was calculated to be about 30%. Big sand whirls arose here and 
there in the afternoon. 

3: Ae. squarrosa was found in the wheat fields. 
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Entrance to Afghanistan 


June 4: 17:00. Mr. Hacurya, the Agricultural Atache of the Embassy of Japan in 
Karachi, and his family arrived with the documents necessary for the custom 
clearance. Accordingly they left Chaman around 18:00. Equipments were 
carried by a truck from Pakistan to the border area and transfered to a truck 
from Afghanistan. The members crossed the border and arrived in Spinboldak, 
Afghanistan, at 19:20, where the custom clearance was not difficult. At 23:00, 
arrived in Kandahar under the fullmoon, 110km from Chaman. Kandahar Hotel. 

5: Rest. 

6: KITAMURA, YAMAZAKI and Umesao stayed longer for herborization, while 
KIHARA, YAMASHITA, NARA and NAKAMURA left Kandahar for Kabul at 9:00 on 
“Atago”. Specimens of Aegilops were collected here and there on the way. 
After the sunset, KiHArRA found Ae. crassa by the dark roadside with the help 
of an flash light. Arrived in Ghazni, 366km from Kandahar, at 0.30 in the 
midnight. A poor’hotel room equipped with only two beds was just available. 
Nara and NAKAMURA crawled into sleeping bags on the floor. 

7: YAMASHITA prepared breakfast with the stuffs bought around the hotel. Left 
Ghazni at 9:30. A wheat field mixed with Ae. sguarrosa was found at the 
distance of 41 km from Ghazni, where the rate of mixture in each square meters 
was observed: wheat -153 ears, Ae. sguarrosa-27 ears and Secale-45 ears. 
Arrived in Kabul at 16:00. Mr. M. Nakamura, the Chief of the Marubeni Co., 
kindly provided rooms for KiHaRA and YAMASHITA in the bungalow. NARA 
and NAKAMURA stayed in the Kabul Hotel. 

8: Visited Mr. ETEMADI in the Department of Foreign Relations for consultation 
concerning the itineraries. Met Dr. C. L. Beum from Sweden who came to 
Afghanistan for collecting legume species. 

9: Visited Department of Agriculture and presented several seedlings of tea- 
plant brought from Japan, which was planted under the care of Dr. HILDRETH 
from Wyoming, U.S. A.. Information of harvest time of wheat in Afghanistan 
was as follows: early July in Kabul, June~July in Jalalabad, first week of 
July in Turkestan and last week of July in Badakshan. 

10: Excursion to the north of Kabul, where Ae. sguarrosa was found. Wheat 
species was T. compactum almost without exceptions. 


Transportation of Equipments by KITAMURA, YAMAZAKI and UMESAO 


June, 1955— 
7~8: They became tired with meals in the hotel, namely, “nan” and tea for 
every breakfast, and “nan” with stewed mutton, fried rice “ parao’’ and tomato 
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and onion slices for every lunch and dinner. But apricots and plums were 
most delicious and refreshing. 


June 9: Equipments were loaded on truck before noon, but the departure was 


delayed until late afternoon, because it was feared that the tires of the fully 
loaded truck would not be tolerant against the heat of the road. Left Kanda- 
har at 17:00. The air became rather chilly in the evening. Arrived in Kalat 
at 1:30, and dropped in a hotel. 


10: Left Kalat at 7:00, dinner in Ghazni and stopped in a tea house “ chay- 


li: 


12: 


13: 


14: 


15: 


16: 


khana”’, in Singar late in the evening. 

KITAMURA, YAMAZAKI and UMESAO arrived at the bungalow of the Gosho Co. 
in Kabul at 11:00. Mr. J. Kaxoto, Chief of the Afghan Branch of the Co., 
kindly opened rooms in the bungalow for their stay. 

Kinara, with all the members, visited the Vice-President of the University 
of Kabul in the morning. They attended a reception given by the Minister of 
Education in the evening. Twenty-five Japanese people stationed in Kabul 
were also invited. (Photo. 5). 

Tour to the Laboratories of Chemistry, Physics, Botany, Geology and Medi- 
cine of the Kabul University in the morning, and to the Agricultural School in 
the afternoon. 

KIHARA and YAMASHITA gave lectures at the Faculty of Medicine, Kabul 
University. At 7:30, the air temperature was 21.5°C, and the humidity 20 %. 
At 15:00, IwaAmMuRA and Okazaki arrived at the bungalow of the Gosho Co. via 
the Khyber Pass. 


Jalalabad Excursion of KITAMURA, YAMASHITA and NAKAMURA 


Kitamura, YAMASHITA and NAKAMURA went on herborization to Jalalabad 
accompanied by Mr. Mohammed Aman by “ Atago”. A number of plant speci- 
mens were collected around the Latabant Pass. Ae. squarrosa was found only 
in the west of the pass. So called seedless pomegranate “ anar-e-bedana” 
which they had been looking for was found in an orchard of Mr. G. AHMED 
near Sarobi. Stayed in the Hotel Sarobi. 

Driving along the Kabul River, they arrived in Jalalabad at 20:30, and dropped 
in the Hotel Jalalabad, which used to be the old Palace of the father of the 
King Amanula Kuan, (Photo, 6). 


17~18: Jalalabad - Sarobi - Kabul. 


19: 


All the members visited with bunches of flowers the graves of Mark Aurel 
STEIN (1862~1943) and Henning Haslund CurisTensen (1896~1948), the world 
known explorer who died in Kabul. “Sukiyaki” party was arranged at the 
Marubeni Bungalow in the evening. 


20~22: Rest. 
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Hindukush Trip of KITAMURA, YAMASHITA and NARA 


June 23: KiTamMuRA, YAMASHITA and Nara left for the Hindukush Range in the 


24: 


26: 


27: 


28 : 


29: 


afternoon, accompanied by Mr. Mohammed ALi. Camped beside a “ chay-khana” 
on river at Siyagird. 

Herborization was rich around the Shibar Pass, 3,300 meters above sea level. 
Met the IwamurRa’s party in Bamiyan. Bamiyan-Doabi. Doabi Hotel. 

Doabi - Doshi - Pul-i-Khumri. Stayed in the German Club House of the water 
power plant. 

Left Pul-i-Khumri at 7:10. Aegilops species, especially Ae. squarrosa, were 
growing widely. A vast plain of Ae. sguarrosa spread out as far as the eyes 
could reach. AQ light French car with a name plate “ Nancy” passed gasping 
by along the steep road, while they were collecting plants. The sun set in 
the west of the ancient “silk road”. Poor “Nancy” was found standing on 
the roadside between Tashkurghan and Masar-i-Sharif due to the break of a 
receptacle shaft. They shared some biscuits with the French travelers and 
passed by. Arrived in the Hotel Mazar-i-Sharif late in the evening. 

IwaMmuRA, OKAZAKI, YAMAZAKI and NAKAMURA arrived in Mazar-i-Sharif from 
Bamiyan. 


Turkestan Trip of YAMASHITA and NARA 


YAMASHITA and Nara had to leave Mazar-i-Sharif (Photo. 7) as the permis- 
sion of their stay had expired. Visited Balkh, a ruined ancient capital town 
of Afghanistan. A clematis was in bloom on an old decayed wall. Bivouaced 
in “ Atago” by the roadside. 


30: Left the bivouaced place at 5:30. (Photo. 8). Arrived Aq Chah (or Akcha) 


at 8:00 and had a rest in the Hotel Aq Chah. Started again at 11:00 and 
arrived at the Hotel Shibarghan around 14:00. “Nancy”, the French car, was 
also there for a recess after lunch. They introduced themselves to each other. 
Their names were Jean and Jacques.” “Nancy” left at 16:00. “Atago” 
started one hour later and followed after the track of “Nancy” on sands, 
which became deeper and deeper. It was not too long until “ Nancy” was 
found stuck in the sands. It took nearly one hour for “ Atago’’ to pull out 
“Nancy” to a safe place. They did penance to get out of the desert zone, but 
at 17:00 they decided to bivouac in the midst of the desert. (Photo. 9). Jean 
and Jacques prepared French salad, while YAMASHITA and Nara stretched the 
tent-sheet on the ground. They enjoyed the “International Desert Party” with 


1) Mr. Jean Watrinet and Jacques Bourcuienon, Journalists from France. 
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whisky brought from Japan under the fullmoon. The Big Dipper was seen low 
over the horizon. 

July, 1955— 

1: Left the site of bivouac at 5:30. “Nancy” and “ Atago” were able to 
surmount the difficulty in passing through the desert and arrived at the Hotel 
Andkhui. A clerk of the hotel received them with a welcome greeting “ab 
ast” which means “water is available”. After a short recess at the Hotel 
Andkhui, “Nancy” left at 11:00, and “Atago” at 13:30. The air was hot 
and dry. Ae. sguarrosa and other species abounded along the road. “ Nancy” 
was sitting by the roadside due to a spring damage near Faizabad. “ Atago”’ 
waded across the river and arrived in Maimana. 

2: Excursion around Maimana accompanied by Mr. M. Raric, the Chief Police- 
man. Aegilops species were collected in the isolated villages behind the hills. 
3: Poor “ Nancy” was again found sitting down due to a dead storage battery. 
Jean carried the battery on “ Atago” to Bala Murghab for a charge. Bivouaced 
at 50km before Qala Nau. Animals approached the tent with blue gleaming 

eyes in the night. 

4: Day broke on the plain of Ae. squarrosa. A flat tire of the trailer was 
fixed with the help of a driver of a passing truck. Stopped in Laman. 

5: Three heavy boxes, two tents and one trunk were trusted on a truck with 
some pay to clear the Zarmast Pass, alt. 2,000 m. (Photo. 10). Old juniper trees 
sparsely grew around the pass. Arrived in Herat with the population about 
60,000. 

6: Visited the Governer of the District and the Mayor of the City together 
with Dr. H. F. SchurMANN, an American archaeologist, and his colleague, who 
were destinated to Ghorat in Afghanistan. (Photo. 11). 

7: Left Herat early in the morning. The air temperature was 35°C and the 
ground temperature 53°C. Custom clearance was easy at Islam Qal'eh, the 
Afghan border town, and arrived at the Iranian custom at Yusfabad. Unexpec- 
tedly there waited the difficulties for “ Atago” again, because the formalities 
of its importation was not complete. Anyhow, poor “ Atago” and also cameras 
were sealed finally. Stopped in a small ‘“ chay-khana” in Pelermo, 50 km before 
Mashhad (or Meshed), 

8: Arrived in Mashhad, the capital town of the eastern province. For the fatigued 
travelers the town was thought to be a paradise with paved boulvards, green 
parks adorned with flowers, gay streets around the mosque and_ beautiful 
ladies with faces open without chador. Washed the Afghan dust away in a 
“hamam-khana”, a public bath house. 

9: Visited a mechanized farm under Point-Four Program, where a large quantity 
of underground water was gushing out from a well for irrigation. A cable 
was sent to Kiwara in Tehran to notify of the arrival in Mashhad and the 
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further schedule. U.S.A. Consul, Mr. Cassity received YAMASHITA and NARA 
warmly with American food in his residence. 
July 10: Mashhad - Nishapur - Sabzawar (or Sabzevar), all are known to be _histo- 
rical towns. Passports were checked at the entrance and exit of each town. 
11: Passing Shahrud? around 16:00 arrived in Damghan, where they stayed 
overnight on beds under the open sky with glittering stars. 

12: Left Damghan for Tehran early in the morning. Short stop at Ajajabad. 
Arrived the bungalow of the Gosho Co. in Tehran and saw KIWARA after a 
hard drive for 20 days from Kabul. 


Isfahan Trip of KIHARA 


June, 1955— 

25: KrIHARA arrived in Tehran from Kabul by air in the afternoon, and stayed in 
the residence of the Ambassador of Japan. 

26: Rest. 

27: Application for the permission of the trip to Isfahan was completed with the 
help of the Embassy of Japan. 

28: Tehran-Isfahan by air, accompanied by Mr. Nose of the Gosho Co.. A car 
was hired for the excursion, Isfahan - Saman - Shahr Kord - Safid - Dasht - Isfahan. 

29: Round trip to Damaneh by car. T. turgidum with branched ears was collect- 
ed between Isfahan and Damaneh, but no Aegilops. Common wheat was 
cultivated widely. 

30: Returned to Tehran. 

July, 1955— 

1: Excursion to Ghazvin (or Qazvin) accompanied by Mr. H. YamMapa, Ambas- 
sador of Japan. Visited the Agricultural College in Karaj. Ae. triuncialis 
and Ae. crassa were collected. 

2: Stayed in Tehran. 

3: Visited Prof. Atar of the Agricultural College in Karaj, who shared the 
samples of varieties of wheat. On the way back, Ae. cylindrica and Ae. 
triuncialis was collected. 

4~5: Stayed in Tehran. 


Gorgan Trip of KIHARA 


6: KrHara started on the Gorgan trip, accompanied by a clerk of the Embassy 
of Japan. 
7: Sari-Gorgan. The harvest of wheat was just ending. Barnyard grass 


1) It was known later that Kiara was in Shahrud expecting to catch “ Atago”’. 
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(Panicum crusgalli) was ripe in the backyard of the hotel. Ae. squarrosa ssp. 
strangulata was found in a locality 24km from Sari, and also on the way to 
Gorgan. 

July 8: Gorgan-Shahrud. Ssp. strangulata was found everywhere. Ssp. strangu- 
lata and T. durum were growing close to each other near Garagaj. In the 
mountainous district, Ae. triuncialis, Ae. squarrosa and var. typica were collect- 
ed but ssp. strangulata was not found anywhere. From this it was learned 
that ssp. strangulata grows only in a limited belt along the southeastern coast 
of the Caspian Sea, namely in the Gorgan region. 

9: Shahrud. 

10: Tried to catch “ Atago” of YAMAsHITA and Nara from Mashhad, but was 
informed by a message from the Police Office that the jeep had passed Shahrud. 

11: Left for Tehran by a mid-night bus. 

12: Arrived in Tehran early afternoon, but YAMASHITA and NARA were not there. 
They were thought to be lost, but late in the evening lost YAMASHITA and 
NARA reappeared on “ Atago”. 


Stay in Tehran of KIHARA, YAMASHITA and NARA 


13: Visited the Embassy of Japan. KiHARA moved over to the residence of the 
Ambassador of Japan in Shemiran, while YAMASHITA and Nara stayed in the 
bungalow of the Gosho Co.. 

14: Met Dr. Mupra, the F. A. O. wheat specialist stationed in Iran, and then 
visited Mr. MojTAHED! and Mr. HayYDARZADEH of the Department of Agriculture 
and talked over about the trip along the Caspian Sea. 

15: A party to celebrate “O-Bon”, the Budhistic Feast in memory of the dead, 
was held in the residence of the Ambassador of Japan and after that they 
visited the graves in the cemetry of the Japanese residents in Tehran. YAMa- 
SHITA had a slight fever (38°C). 

16: Rest. 

17: YAMAasuita received a medical examination by Dr. D. Satmon. His fever 
was 38.1°C. Room temperature was 33°C. While YAMASHITA stayed in Tehran, 
KIHARA and Nara left for the trip along the Caspian Sea on “ Atago” driven 
by a hired driver, Mr. Hossein. 


Trip along the Caspian Sea of KIHARA and NARA 


18: Ae. sguarrosa, triuncialis and cylindrica were collected on the way to Sari. 
It was interesting to find the watch houses in watermelon fields as seen in 
Japan. 

19: Sari- Behshahr - Babul (or Babol) - Babul Sar (or Babol Sar), Ae. sqguarrosa@ ssp. 
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strangulata was collected around Sari again. The district of Sahi-Babul 
seemed to be suitable for Andropogon, Sorghum, Zea mais, sweet melon and 
cotton but not for wheat. Aegilops was not found there. 

July 20: Babul Sar-Chalus-Ramsar. Ssp. strangulata was found 51km from 
Babul Sar. Paddy rice was flowering in some fields and was fully ripe in other 
fields, 

21: Ramsar-Rasht (or Resht), Ae, squarrosa var. typica was found here and 
there but no more ssp. strangulata. The landscape with paddy rice fields and 
tea plantations let them think of Japan. (Photo. 12). 

22: Rasht - Pahlavi. 

23: Pahlavi- Ardabil (or Ardebil), Ae. squarrosa was found everywhere on the 
way. Arrived in Ardabil at 17:40 and dropped in the New Tabriz Hotel. 
YAMASHITA and Mr. Nocusa arrived from Tehran. 


Tehran - Ardabil Trip of YAMASHITA 


July, 1955— 

18~19: Rest. In “A history of Persia” by Sir P. Sykes (3rd. Ed, 1930), the 
Gorgan district was described as follows: “The Gurgan district was the 
classical Hyrcania, and the Vehrkano of the Avesta, and was famous for its 
fertility. Strabo wrote: It is said that in Hyrcania each vine produces seven 
gallons of wine and each fig-tree ninety bushels of fruit. That the grains of 
wheat which fall from the husk on to the earth, spring up the following year ; 
that bee-hives are in the trees, and the leaves flow with honey.” 

20: YAMASHITA received a tele-direction from Kinara “ Join in Ramsar otherewise 
in Tabriz”. 

21: Rest. 

22: Visited Mr. Nocusa, Secretary of the Japan Embassy, to talk over the trip to 
Azerbaijan as the fever broke gradually down. Participated in the “Go” tour- 
nament held in the residence of the Ambassador and won the game. 

23: Left Tehran by air at 8:00, accompanied by Mr. Nocusa, and arrived in 
Tabriz at 11:00. After a short stop in the Metropol Hotel, where the members 
of the Welsh Himalayan Expedition was just leaving, hired a taxi and arrived 
at the New Tabriz Hotel in Ardabil in the evening through a heavy thunder 
storm. Kinara and NARA were already there. 


Azerbaijan Trip of KIHARA, YAMASHITA and NARA 


24: Kimara, YAMASHITA, Nara and Mr. Nocusa left Ardabil in the morning. 
Ae. squarrosa and Ae. cylindrica were collected in a garden surrounded by a 
mud wall. Passing Sarab and Bostanabad arrived in Tabriz. Metropol Hotel. 
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July 25: Visited the orchards of Mr. HAYDARZADEH where an old seedless mul- 


26: 


27: 


28 : 


29: 


30: 


31: 


1 


berry tree was grown. Ae. cylindrica was also collected there. 

Mr. Nocusa left for Tehran by air. Kiara collected Ae. triuncialis and 
Ae. cylindrica in the southwest of the city. 

While YAMASHITA with a slight fever of 37.5°C stayed in Tabriz for rest, 
KinARA and Nara started on the trip around the Lake Rezaiyeh. Ae. cylindrica 
and tviuncialis were collected, and Ae. crassa was found growing in a garden 
near Myandoab, Stop in Mahabad. 

Mahabad - Khoy (or Khoi), Ae. sguarrosa was found 75km northeast and 
also 75 km northwest from Mahabad in the open grassland. Many other species 
were also collected. A large quantity of algae was seen on the shore of the Lake 
Rezaiyeh. (Photo. 13). Ae. sguarrosa, cylindrica and triuncialis were growing 
in an open grassland of Artemisia. Arrived at the Khoy Hotel at 19:00. 

Kiara and Nara returned to Tabriz. YAMASHITA found the spikelets of 
Ae. squarrosa, crassa, and triuncialis mixed in chicken feed obtained from the 
market. 


Return to Tehran of KIHARA, YAMASHITA and NARA 


KIHARA and Yamasuita left Tabriz for Tehran by air, while Nara left also 
for Tehran on “Atago”. On the way, Nara met Jean and Jacques known 
from the Hindukush trip. They told that they had to sell their cameras in 
Tehran to make money for the repair of poor ‘ Nancy”. 





Nara arrived in Tehran around noon. 
August, 1955— 
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Fig. 2. Sketches of fruits and vegelables in Tehran, Iran, Aug. 2, 1955 
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August 2: Shopping in the market. (Fig. 2). It was interesting to see flat fruits 
of almond. 

3: Were invited for a tea party by Mr. Yamapa, Ambassador of Japan, and 
Mrs. YAMADA, together with Mrs. S. Kato and others participating in the 
MRA Conference in Tehran. 

4: Rest. 

5: Were invited to the performance of MRA, “Vanishing Island”, in the hall 
of the Imperial Villa in Nevaran. 

6: Rest. 

7: Seed collection from the bazar. Farewell party by the Gosho Co.. 

8: KrIHARA went on a picnic with the members of the Gosho Co., while YAMa- 
SHITA and NARA remained in town to attend bank business. 

9: Visited Dr. Maupam, the Director of the Department of Agriculture, Univer- 
sity of Tehran in Karaj. 

10: Lectures at the Ministry of Agriculture, on the origin of wheat by KIHARA 
and on the triploid watermelon by YaMasuita. Banquet by the Embassy of 
Japan at the University of Tehran with a talk on the origin of wheat by 
KIHARA. 


North Pakistan Trip of KIHARA and YAMASHITA 


11: Kraara and YAMAsHITA left for Karachi by air while Nara flew to Beirut. 

12: Rest. 

13: Visited the Ministry of Agriculture and Forestry for the arrangement of the 
trip to North Pakistan. Opening the suit cases, they were pleased with dry air 
packed in Tehran. 

14~15: Rest. 

16: Visited Dr. Arzat, Ministry of Agriculture, for the final arrangements for 
the northern trip. Received a cable from the Karakoram team notifying the 
change of schedule due to the shortage of money. 

17: Rest. 

18: Kiara and YamasuiTa left Karachi by the Khyber Mail, the express train, 
at 21:00. 

19: Arrived in Sukkur at 6:30. The big dam on the Indus River and the planta- 
tions of dates were interesting to see. Left from Rohri at 16:54. 

20: Arrived in Lahore at 8:30. After a short visit to the University of Lahore, 
went on a sightseeing tour of the old town. Stayed in the Falettis Hotel. 

21: Visited Dr. Majrp, the Secretary of the Prefectural Government, who gave 
the informations about the agricultural status of the Indus basin. 

22: Visit to the Agricultural Department of Lyallpur University in Lyallpur. The 
Principal expressed an opinion that any varieties of Brassica could be obtained 
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by a colchicine treatment. Lectures on the origin of wheat by Kinara and on 
the polyploidy breeding by YAMASHITA. 

August 23: After a brief visit to the Museum, left Lahore and arrived in Rawal- 
pindi at 18:00. Stop in the Flushman Hotel. 

24: Visited the Gordon College accompanied by Mr. M. Atri. Specimens of Aegi- 
lops, including Ae. squarrosa collected at Srinagar in Kashmir, were found 
in the herbarium. Excursion to the Taxila ruins, where carbonated samples of 
wheat grains were exhibited in a case. 

25: Rawalpindi- Peshawar. Were greeted at the station by Dr. Kuan, the Direct- 
or of the Horticultural Research Institute, and visited the Khyber University. 
Deans Hotel. 

26: After an excursion to the Khyber Pass, visited the Museum. A presen- 
tation of a film “Origin of Wheat” by Kinara and a lecture on the polyploidy 
breeding by YAMASHITA were given at the Horticultural Research Institute. 


27: KIHARA and YAMASHITA returned in Karachi by air from Peshawar. 


Nuristan Trip from Mazar-i-Sharif of KITAMURA 


June, 1955— 

30: Kitamura obtained the seeds of various crops from the Mandai market in 
Mazar-i-Sharif. 

July, 1955— 

1: He left Mazar-i-Sharif at 6:30 with Mr. M. Ati by a car hired by paying 
1,000 “ Afghanis” for the Mazar-i-Sharif -Pul-i-Khumri drive. Camped at a 
“chay-khana” before Pul-i-Khumri due to the shortage of fuel. 

2: Breakfast in the “chay-khana” at 5:00. Gasoline was kindly given by a 
truck. Arrived at the Textile Club in Pul-i-Khumri. 

3: Herborization around the town. 

Called on the Gosho Co. by telephone, and requested to hire a car in Kabul 

for the Faizabad trip. 

5: Received the answer from Mr. Ucuipa of the Gosho Co. by telephone that 
the arrangement for a car is not possible so soon. At 6:30, by a chance ride 


> 


on a grain truck started for Kunduz with all equipments. 

6: Arriving in Kunduz at 1:30, dropped in the Club House of a cotton plant. 
Collected fruits and crop seeds from the market. 

7: As it was the bazar day, the seed samples of various crops were easily 
obtained in the market. Herborization around the town. 

8: Visited the Agricultural Experiment Station where Mr. Abdul Rani, the 
Chief, kindly invited him for tea. The main crops around there were cotton, 
melons, grapes, pears and peaches. Left Kunduz at 17:00 toward the hilly area 
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of Faizabad. 

July 9: At 1:00, arrived in Pul-i-Khumri from Faizabad. The driver of a truck 
going to Kabul promised to give him a ride to Kabul. But the truck did not 
start until 20:00 when gasoline arrived from Mazar-i-Sharif. 

10: Arrived at the Doabi Hotel early in the morning. After herborization, left 
Doabi about 23:30 and stayed overnight in a village on the east side of the 
Shibar Pass. 

11: After a hard journey on a truck, arrived in Kabul at 21:30 where letters 
from Japan were waiting for him. 

12: Taking care of the collected samples. Blotting paper brought from Japan was 
found to be very useful for drying the samples. 

13: Visited Mr. ETreMapr in the Department of Foreign Relations and reported 
about the trip to the north. 

14: Excursion to the Babel Cemetry, where the former botanical explorers 
including Griffith collected plants. The vegetation was rather poor. 

15: Excursion to Pajmar from 10:30, accompanied by Mr. Kakxoto, Gosho Co. 

16: Visited the Department of Foreign Relations to apply for the permission of 
the Nuristan trip. 

17: Preparation. 

18: Excussion for herborization accompanied by Mr. Ucxipa, Gosho Co, to Kal 
Ull Aman, known in the literature as the place where German botanists 
collected plants. 

19: Mr. Kakoto, Gosho Co., showed the Japanese threshing machines to the 
Minister and Vice-Minister of Agriculture. 

20: Collected seed samples in the market. 

21: Further arrangements for the Nuristan trip with Mr. ETEMADI. 

22: Picnic with the members of the Gosho Co. to Chonghol Fountain in the 
west of Kabul. 

23: Permission was issued for the Nuristan trip, only to the west of the Kumar 
River. 

24: Decided to hire a station wagon from the Syricat Service, as far as Chigha-Sarai. 

25: Left Kabul accompanied by Mr. M. Atl, at 9:30, and arrived in Jalalabad at 
20 : 00. 

26~27: Jalalabad - Chigha-Sarai - Ghandai. 

28~ Aug. 6: Ghandai - Seprigal - Voma - Trokikorl- Pawata-Chatrass-Kushimaicot 
- Pushuki ~ Pronz ~ Eschtaway - Shabul-Gul - Eschtaway. (Photo. 14). 

August, 1955— 

7: At 3:00, noises were noticed around the tent. The crowd was estimated to 
be about 200 people in the morning. Mr. M. ALI said that a trouble arose 
between the villages, Voma and Eschtaway, and it was requested to move the 
tent to open ground for their negotiations. Hence, the tent was moved into 
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the popular woods on the Pechi River. The representatives of the crowd were 
invited into the tent for supper. The story of the grievance between the two 
villages was as follows; a girl who was engaged to marry a boy of Voma was 
raped by a boy of Eschtaway. Accordingly a conference was held by the 
representatives of five villages to solve the grievance. It was said that the 
representative from Eschtaway proposed to offer a cow and two girls with no 
pay, but the proposal was rejected by the representative of Voma. Instead, 
the boy of Voma wished to challenge the Eschtaway boy who raped his girl 
to a duel. This was accepted, and the conference was over. Herborization 
along the Pechi River through the rain. Camped in Eschtaway. 

August 8~14: Eschtaway - Pushuki ~ Voma - Ghandai. 

15~20: Ghandai - Morchal - Chigha-Sarai - Jalalabad - Kabul. 

21~28: Preparations for the returning trip. 

29: Left Kabul at 6:10 by air with the baggage of collected plant specimens 
and arrived in Karachi at 12:00. 


Historical Survey in Waziristan of IWAMURA and OKAZAKI 


June, 1955— 

1: Permission for the trip to Waziristan was issued from the office of the 
Tribal Territory of Waziristan. 

2: Iwamura and Okazaki left the Deans Hotel in Peshawar at 6:30 for Wazi- 
ristan on “Kurama”! and arrived in Panu by noon. Visited the office of the 
North Waziristan Territory and talked with Mr. A. U. Kuan, the local 
administrator, about their schedule. Late in the afternoon they went on an 
excursion to the Akra ruins with Mr. A. U. KHAN escorted by 15 soldiers. 
Old coins engraved with Greek letters were presented by the villagers. A 
violent sand-storm arose in the evening. Dinner with a Swiss and an Icelander 
from FAO. 

3: Left for Spinwan at 9:30 escorted by soldiers on a truck. Collected old 
earthenwares and bought old coins from the natives. It is known that only 
one report was published about Waziristan by Aurel STEIN 50 years ago. 
Stayed in the military camp. 

4: Excursion to the Ark-Ghundai ruins near Idak, from where most of the 
stone sculptures of the Peshawar Museum were excavated. Returned to Panu 
in the evening. 

5: Visit to the University of Panu in the morning, and excursion to the Akra 
ruins again in the afternoon. 

6: Left Panu at 6:30 and arrived in Peshawar at noon. 





1) Nick name of jeep. (S. F.N. in page 323) 
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June 7: Stayed in Peshawar. 

8: Excursion to the Tafti Bahai and Chalsada ruins guided by Mr. SHAkuR, the 
curator of the Peshawar Museum. The latter was a very spacious unexcavated 
ruin, 

9: Rest. 

10: Mr. Izzat Awan showed them a technicolor film of Kafir in the district of 
Chitral. It was interesting to see that Kafir in Chitral is not influenced by 
Islam, and is different from Kafir in Nuristan, Afghanistan. 

11~12: Stay in Peshawar. 

13: Left Peshawar at 10:00 and crossed the Khyber Pass between Pakistan and 
Afghanistan. Stayed in Jalalabad. 

14: Started at 7:00 and arrived in Kabul by “Kurama” at 15:00, where they 
joined with Kiuara, the leader, and the members. 


Moghol Survey in Ghorat of IWAMURA, YAMAZAKI, 
UMESAO, OKAZAKI and NAKAMURA 


15~July 10: Formalities for the entry to Ghorat were completed. 

July, 1955— 

11: Left Kabul early in the morning on “Kurama” with equipments on a hired 
station wagon and visited the grave of the King Maumup in Ghazni. 

12: Arrived in Kandahar at 18:00. Kandahar Hotel. 

13: Kandahar. 

14: Kandahar-Girishk. After a recess, left there at 21:00 for Farah through 
the Hermand Desert. 

15: Arrived in Farah at 9:00 and left there at 20:00. 

16: Arriving in Herat at 9:00, met Mr. ScHurMANN, a German historian, who 
was accompanied by Mr. RANnpauER, an American anthropologist. Visited the 
Governor General of Herat. 

17~19: The station wagon was sent back to Kabul, and a truck was arranged 
in Herat. Mr. ScHURMANN and his associate left Herat by their own Volks- 
wagen with Taiwara ahead of them. 

20: Left Herat at 8:00 and traveled toward the east along the north side of the 
Hari-Rud River passing by wheat fields, black tents of nomads, sheep and 
camels. The jeep group stayed in Timus, while the truck group stayed in 
Obeh. It was known there that Moghols live in the nearby village in about 
30 houses. 

21: Arrived in Hoja-Tist. The road from Obeh was bad. 

22: Left Hoja-Tist at 9:00 and arrived in Hari-Rud at 10:00. Because an old 
suspension bridge was dangerous, shallows were made to wade across by piling 
up the stones in the river. It took nearly four hours before they could cross 


338 Itineraries 


the river. “Kurama” arrived late in Qala-Shararak after a hard drive on a bad 
road through mountains, while the truck group stopped on the way. 

July 23: The truck group arrived in Qala-Shararak at 18:00. The truck driver 
refused to drive further than Taiwara. 

24: The truck was sent back. IwamMuRA, YAMAZAKI and Mr. A. Att left for 
Taiwara on “Kurama” with a full load of equipments and arrived there at 
19:00. Finding that no Mongols live in Taiwara, they were disappointed. 
Camped in the garden of the Government Office. Met Messers ScHURMANN and 
RANDAUER. 

25: “Kurama” was sent back to Qala-Shararak. Investigated a half ruined 
pagoda in the village. Strong wind blew during the night. 

26: Umesao, Okazaki and NAKAMURA arrived. Most of the baggage was left in 
Qala-Shararak. Since the transportation of back and forth by jeep was thought 
to be impossible due to the shortage of gasoline, requested Mr. Hakim, the 
Governor in Qala-Shararak, to arrange the transportation by caravan. 

27: Horses were arranged. Started from Taiwara at 16:30, and arrived in 
Chadarhar in the evening. There were about 100 families of the Taimani 
Tribe. 

28: Left Chadarhar at 10:00 and arrived in Alpatu at 15:00. There was only 
one earthen house of Albabu”,the head of the village, and 12~13 tents of the 
Taimani Tribe. Apricots were ripe, and the valley was beautiful with green 
vegetation, but to their disappointment there were no Moghols around there. 
However,“ Albabu”,an Islam priest, told that the Moghols lived around Zirni 
Cor Zarni) several decades ago. 

29: Started for Zirni on horseback at 8:30. From the pass a village of Moghols 
was seen in the distance. Arrived in Zirni in the moonlight and found the 
house of “ Albabu” who provided the rooms. “ Albabu” told that Zirni is a Moghol 
village with about 200 families. That was just the day of a festival, and 
many Moghols were there. Some of them understood the Mongolian language, 
which were recorded on tapes. An old Moghol brought a booklet” of Mon- 
golian language written in Arabic letters. 

30: Rest. 

31: Because of the shortage of food it was decided to draw back to Taiwara. 
Leaving YAMAZAKI there alone, IwaAmMuRA, UMEsAo, Okazaki, NAKAMURA and 
Mr. A. Avr left at 8:30. Iwamura, Mr. Ati and Mr. Motamept arrived in 
Taiwara at 20:00, while others stopped on the way. 

August, 1955— 

1: NAKAMURA went to Chadarhar to take pictures. 

2: Umesao and Mr. A. Att stayed in Taiwara planning to go back to Zirni. 
Iwamura, Oxazakl and Nakamura left there at 13:00 and arrived in Qala-Shararak 





1) Cf. Zirni Manuscript by Iwamura (1961) KUSE Vol. VI. 
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at 19:00. Equipments were already forwarded by caravan to Taiwara. 

August 3: Started from Qala-Shararak by “Kurama” at 7:30, and arrived in 
Herat at 21:00. 

4: Rest. 

5~8: A photographic copy was made of the Mongolian literature written in 
Arabic letters, which Iwamura found in Kundul., a Moghol village, in 1954. 
A visa for Iran was arranged at the Consulate of Iran in Herat. 

9: Left Herat at 7:00 and passed the border at Islam Qal’eh, around noon. Met 
a sandstorm in the desert. Custom clearance at Yusfabad was easy. The road 
in eastern Iran was better and arrived in Mashhad at 21: 00. 

10~11: Mashhad. 

12: Left Mashhad early in the morning and stopped in Shahrud. 

13: Arrived in Tehran at 20:00. 

14~17: Stayed in Tehran, visiting the Museum and other places. Went on an 
excursion one day to the coast of the Caspian Sea. The northern side of the 
Elburz Range was covered with forests, in an extreme contrast to the southern 
side where it was almost barren. The houses were built of wood and the 
store house with an elevated floor looked just like the Japanese store houses. 
CKIHARA and YAMASHITA left for Karachi by air.) 

18: Left Tehran at 6:00, and stopped in Zenjan. 

19: Started at 9:30, arrived in Tabriz in Azerbaijan at 18:00. 

20: Visited the historical remains in Tabriz. 

21: Left Tabriz at 6:00, and after a drive of over 6,000 km arrived in Tehran. 

22~24: Tehran. 

25: Iwamura left Tehran at 7:30, and arrived in Karachi at 15:00. OKAZAKI 
remained in Iran for further investigations. 


KARAKORAM TEAM 


Gilgit Oasis 


May, 1955— 

23: IMANISHI, MatsusHita, NAKAO, Haraba, Huzita and HAYASHIDA arrived in 
Rawalpindi at 2:10 from Karachi and stayed in the Flushman Hotel according 
to the advance arrangement by IwamurRA and Huzita. Late in the afternoon 
Mr. I. U. KHAN, a post graduate student majoring in palaeobiology, came with 
the letter of recommendation to be a joint member from the Punjab University, 
Pakistan. 

24: Rest. 


25: Visited the Political Agent of Kashmir to complete formalities necessary for 
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getting permissions for the trip to the Karakoram areas. 

May 26: Received a visit of Capt. G. S. Butt, the liaison officer from the Gov- 
ernment of Pakistan. Excursion to the Taxila ruins. (Photo. 24). 

27: MatTsusHITA and others visited the office of the Survey of Pakistan at 
Mureh, and asked for quarter inch maps of the Karakoram areas, which were 
delivered later to Gilgit by mail. 

28: Rawalpindi-Gilgit by air. The baggage was also transported by air to 
Gilgit. Dropped in the Hunza House, and then visited the Political Agent of 
Gilgit late in the afternoon. 

29: Stayed in Gilgit. Seven Hunza porters were hired, 

30: Harapa, became known as a medical doctor among the inhabitants. Since 
many patients came for medical consultations, a tent hospital was hastily set 
up in the garden of the Hunza House. Hayasuipa and Mr. Kapota, Secretary 
of the Embassy of Japan in Karachi, arrived by air. 

31: The day in the Gilgit Oasis broke early by the echos of the hoopoes. It 
was decided to hire thirty Hunza and thirty Nagar (or Nagir) coolies for the 
transportation of the baggage through the glacier regions. Reception by the 
Political Agent of Gilgit in the evening. 

June, 1955— 

1: Observations about the environments of the Gilgit Oasis. 

2: The spare food, fuel and oil were packed, and the preparations for depar- 

ture were almost completed. 

Three jeeps transported the baggage as far as Chalt, the terminal place where 


Ww 


jeeps could go. 

After lunch, Matsusuita, Huzita and Mr. I. U. Kuan, left Gilgit for survey 
along the Indus River by jeep accompanied by three porters and thirty-five 
coolies. Soon after, IManisH1, NAKAO, HARADA, Hayasuipa, Capt. Butt and Mr. 
Kapota also left Gilgit for Hunza by two jeeps. When the jeeps ran about 
one hour along the Hunza River, the road was closed by snow debris of a 
previous avalanche, and they had to walk. Coolies carried the baggage on 
their backs to the rest house in Chalt. 

5: Stayed at the rest house. It was pleasant there, except for a swarm of 
house flies. 


> 


6: Left Chalt at 7:00. After an hour march, a grand view of the snow-white 
Rakaposhi Range suddenly appeared on the opposite bank of the Hunza River. 
After lunch, stepped into the Territory of Hunza. Villagers gathered on the 
roadside to give a warm welcome to the KUSE members with flowers and 
fruits. Dropped in the rest house in Maiun, but the room was narrow and 
tents were also pitched. 

7: Arrived in Multazabad and camped there. In the evening, went down to 
the hot springs under the cliff, but the sprouting hot water was not enough 
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for bathing. 


June 8. Reached Hunza and received the warm welcome by The Mir of Hunza. 


9: 


10 


11: 


12: 


13: 


14: 


15: 


16: 


The guest house in the Palace was opened for them and they were treated 
with the local wine, “Hunza pani’. The Mir kindly requested The Mir of 
Nagar to arrange porters for KUSE in Nagar. 

It was pleasant to stay in the guest house with a wonderful view of the 
Rakaposhi Range from the window. Cool dry air was really refreshing. A 
message was delivered from The Mir of Nagar replying that porters could not 
be arranged in Nagar in advance. 


: Doctor HArRapDa’s free dispensary became very popular also in Hunza. Nakao 


went to the Batura Mountain for herborization. (Photo. 25). Main crop was 
wheat, but buckwheat and millet were also cultivated. Apricots, platanes, 
populars, and weeping willows were the shadow trees in the oasis. 


Nagar Territory 


Moved from Hunza to Nagar. Crossing a suspension bridge entered the 
Territory of Nagar. The Oasis of Nagar was green with apricot groves and 
wheat fields well irrigated with clear water. In front of the Palace were 
flower wreaths. The Mir of Nagar invited the members for lunch. A few 
pieces of baggage sent from Chalt did not arrive, because the road was closed 
due to the afternoon flood. 

Mr. S. Kuan, the milk brother of The Mir, was elected as an interpreter. 
He was a tall sturdy boy. In the afternoon The Mir invited the members to 
archery and spear games and also to a polo game. He himself was a skilled 
rider in these games. 

Rest. 

The members of the field survey in the glacier regions started for Hispar 
with seventy-four coolies. (Photo. 22). After thirty minutes they crossed the 
terminal part of the Barpu Glacier which lies below the wheat fields covered 
by gravel and boulder debris. They marched on the steep path along the Hispar 
River. Camp for the windy night was set on a riverain level ground. 

Started from the camp site at 6:20 in the morning. The path along the 
river was crossed by new foot prints of jackals. Scattered sagebrushs (Arte- 
misia sp.) were emitting an aromatic fragrance. At noon, a small green patch 
was seen with a herd of cattle. They were probably hybrids of yak and cow. 
Sour milk was shared by the herdsmen. Arriving in the village of Hispar, 
camped in a wheat field. (Photo. 27). 

Weak Nagar coolies were replaced by stronger Hispar coolies. 
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Trip to the Hispar and Biafo Glaciers of 
IMANISHI, NAKAO, HARADA, Capt. G. S. BUTT and Mr. S. KHAN 


June 17: Mr. Kaporta left the village alone early in the morning. The others 
started for the Hispar Glacier with all porters and coolies. After one hour, 
came to the terminal moraine of the Hispar Glacier. (Photo. 28). It took one 
hour and forty minutes to cross to the northern bank. There was a good route 
in the valley with many streamlets of clear water. Many groves of dwarf 
willow trees and other trees dotted the scenery. Green grass was growing well 
like in a spring pasture. A camp site was chosen beside a shallow pond, and 
its stagnant water was used for cooking. Coolies reached the camp with the 
baggage five hours behind the arrival of sahibs. 

18: Proceeded up through the northern abrasion valley of the Hispar Glacier, and 
crossing the confluence of the Kunyang Lac Glacier, reached Dachigan. Fresh 
meat of ibex was obtained from yak herdsmen. The altitude of the site 
was over 4,000 m, and the first symptom of mountain sickness appeared. (Photo. 
29). 

19: Rained from early morning, and the surrounding scenary was closed by 
clouds. Stayed in the camp. Leaves of wild onions were collected for Sukiyaki 
with ibex meat for dinner. 

20: Started from the camp site at 7:30 toward the opposite bank of the Glacier 
through the northern abrasion valley. On the way, met a herd of more than 
ten ibexes. 

21: It snowed rather heavily during the night, and the flowering turf around the 
camp was entirely covered with snow. Coolies wanted to use leather boots 
for further travel, but as it was not allowed, they went on strike. In three 
hours, however, Capt. Butt dissolved the problem by the method of “ divide 
and rule”. 

22: From 6:30, continued the march along the Hispar Glacier. Camped on a 
small patch of level ground. 

23: At the start in the morning, coolies asked for special care of tipping. As 
it was agreed coolies began to move, but slowly. Soon after snow became 
deeper and deeper. At 12:50, a flood came suddenly when the first few members 
were just ready to cross the Kanibasar Glacier. In a few minutes the water 
on the hard ice deepened to the waist. Therefore, they were forced to draw 
back to the side to avoid the flood stream. Coolies were allowed to use the 
big mess-tent for the night. In the evening the sky cleared and the peak 
of Kanjut Sar was visible. (Photos. 30, 31). 

24: Started from the camp site at 7:00. Coolies crossed the flooded river easily 
because it was frozen hard. But later, they were fixed on the ropes in three 
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lines on the hard white snow. Around 11:00, they stopped the march to 
avoid wading in wet snow caused by hot sunshine. 


June 25: At 11:00, coolies reached the top of the Hispar Glacier. (Photo. 32). 


26: 


27: 


28 : 


29: 


Two sahibs and Capt. Butt used skis, but it only made them late because 
snow was as hard as ice. Food and fuel were deposited for the return trip. 
Only thirty coolies were hired on for further travel, and the remaining ones 
were dismissed. The ski tour down to the Biafo Glacier from the top of the 
Hispar Pass was very pleasant. But as coolies were late, camped below the 
Hispar Pass to wait for them. 

As coolies wanted to sleep one night on the ground after two night travel 
on snow and ice, they hurried down the Biafo Glacier. At 16:30, arrived at 
a spot with bare ground where some willow shrubs grew. Camp was set 
there. Early in the morning, HARADA and Capt. Butt left the camp for the 
Hispar deposit to fetch the necessary supplies, but encountered a sudden after- 
noon flood on the Snow Lake. Mr. S. Kuan and two porters were sent for 
rescue. At 21:15 they returned with Harapa and Capt. Butt. 

Continued to march down the Biafo Glacier through the lateral moraine. 
There were plenty of green shrubs and primulas. Cuckoos were heard singing. 
The weather was dark and dull all day, but the camp on a sandy flat was 
pleasant enough because of good water, a wind-break by a big rock, and plenty 
wood for fuel. 

Continued to march as yesterday. The central part of the glacier stream 
was found flat with hard ice and easy to walk on. But, as it was not possible 
to reach Askole during the day, camp was set by the side of the glacier. Food 
was almost consumed, but there were plenty of wild onions around the camp. 
It rained heavily during the night. 

The rain stopped early in the morning. Started at 6:50. When the clouds 
cleared, Mango Gusor stood there. At 14:30 passed the last moraine hill of 
the Biafo Glacier, and arrived in Askole. Joined with the members who came 
back from the Indus River trip. 


Indus River Trip of MATSUSHITA, HAYASHIDA and Mr. I. U. KHAN 


June, 1955— 


4; 


Do: 


The members left Gilgit by jeep and arrived at the rest house in Parri on 
the Indus River. Thirty-five coolies started from Gilgit at 7:00 and arrived 
in Parri very late in the evening. 

Since coolies went on strike against carrying heavy burdens, all those coolies 
were exchanged for sixteen ponies. Left Parri in the afternoon and reached 
Shuta already in the evening, but the last pony arrived at 22:00. The day 
was terribly hot. 
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June 6: Marched down the Indus River and reached Sasli, where was the terminal 
point for the jeep. 

7: Geological observations in and around the village. People were busy har- 
vesting wheat. 

8: Marched along the Indus River. On the way, a hot spring was found from 
a rock crevice. 

9: Reached as high as 1,600m on the slope of the Haramoshi Mountain. The 
view from there was spectacular and wonderful, but it began suddenly to 
rain. Policemen arrived with thirty-eight coolies from Skardu. Camped in 
Shengus. 

10: Ponies were sent back, and it was decided to travel further to Askole 
through Istak La and Ganga La, as they said that those places were the only 
places where “ata” was available in the valley of the Istak River. 

11: Rest. 

12: The end of the gorge of the Indus River was almost reached, and the valley 
became wide. Camped in Kiriung, located at a height of 2,500m. Apricots 
were not ripe yet and wheat fields were green. Fifty pounds of “ata” were 
purchased from the villagers. 

13: Proceeded up along the Istak River. There were many houses in the verdant 
valley with walnut and popular trees. There was a polo-ground also. Camped 
at Karkor. 

14: Preparation for crossing Istak La. One goat was purchased as food for all 
sahibs and porters. 

15: Went up the wide and beautiful valley. In every village, plenty of fresh 
sour-milk was available. After Kurchung entered the conifer forest zone. 

16: Reaching the timber line at noon, camped in a birch forest. 

17: Started at 6:00 for Istak La, and at 9:15 crossed a pass (alt. 4,500 m) like a 
big snow saddle. A view of the Haramoshi Mountain was splendid. As there 
was a big snow cornice, coolies were pulled up by ropes. It began to sleet. 
Coolies sang Baltit songs loudly to keep warm as they rushed down the snow 
slope. 

18: A short excursion through the Tormik River valley. 

19: For crossing the high pass, sixteen coolies were replaced by local ones. Two 
guides were also hired. Passing the perpendicular rock cliff of Ganto La, 
arrived at a pasture in Pakora, and camped there. It rained hard. 

20: Started at 6:00. Coolies hesitated to go because it was cold and snowy, 
but a policeman got them to go on. Passed Ganga La and arrived at a 
beautiful pasture. In the evening, arrived at Chu Tran on the Basha River. 

21: Stayed at Chu Tran. There was a hot spring in which they enjoyed 
bathing. 

22: Proceeded to Dusso on the Braldu River. 
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June 23: Proceeded to Chokpiong. Two coolies became ill. 

24: Land-slides were seen beside the main stream of the Braldu River. As the 
suspension bridge at Pakore was almost broken, had to camp there. 

29: Crossed another suspension bridge nearby. The valley became broader and 
broader. Camped beside one of the hot springs. 

26: Arrived in Askole at last, and camped on a spot in the shade of popular and 
willow trees. 

27: Hunza and Hispar party was scheduled to arrive, but did not. 

28: Stayed in Askole. 

29: Awaited Hunza and Hispar party arrived, and congratulated for a happy reunion 
with each other. 


Baltoro Excursion of IMANISHI, MATSUSHITA, 
HARADA, HUZITA, NAKAO, Capt. G. S. BUTT and Mr. I. U. KHAN 


30: Rest in Askole. 

July, 1955— 

1: During the night, a leopard roared and all the dogs in the village seemed to 
have shrunk up with fears. 

2: Preparations. 

3: Mr. Salim Kuan and one porter were sent to Skardu to purchase necessary 
things and food stuffs. 

4: Marched to the Baltoro Glacier. Arriving the snout of the Biafo Glacier, 
the camp was set. Porters began to revolt against sahibs in the evening. 

5: Hunza porters refused to make a compromise with sahibs, and they all left 
the camp early in the morning, and went to Hunza through the Biafo and 
Hispar Glaciers. Afterwards it was known that one of them fell in a crevasse 
and was lost. Proceeded up the stream and crossed the Dumordo River by 
the birch-branch suspension bridge and camped on the gravel of the Biafo 
Lungma. 

6: Continued the march upward along the Biafo Lungma. It was cloudy, and 
a strong cold wind blew down the river. Lunch at Bardumar. Scattered were 
many groves of shrubs. Rosa webbiana with pink colored flowers was in full 
bloom. Camped in one of the groves. 

7: The start was delayed for hours due to a strike of coolies. Camped in 
Paiju, where two goats were killed as food for coolies. 

8: They climbed up the end of the Baltoro Glacier and camped on the glacier. 

(Photo. 34). 

Proceeded as far as Urdokas. The Broad Peak was seen above the roaming 

clouds. Found food stuffs left probably by the German Broad Peak Expedition 

in 1954. Some of the canned provisions were still good for eating. 


co 
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July 10: Stayed in Urdokas. Coolies prepared “ata” cakes for further trip for 
a few days, because fuel wood was supposed to be short after Urdokas. (Photo. 
23). 

11: Proceeded on the main glacier of Baltoro, taking the way with boulders on 
hard ice. Camped beside a row of the huge ice seracs. (Photo. 35). 

12: As the weather became better sahibs and coolies marched in high spirits, 
and reached Concordia at 16:00. The K2, Broad Peak, Gasherbrum and many 
other high peaks were seen from there. (Photo. 26). Only five coolies reached 
Concordia. 

13: In the morning the sky was perfectly clear and a grand view of the first class 
high mountains was before the eyes. 

14: Returned to Urdokas. ImAnNisHt and Harapa suffered from diarrhoea. 

15: Early in the morning, food arrived from Askole. 

16: Went down the Baltoro Glacier and camped on the sands beside the glacier. 

17: Arrived at Paiju and camped there. 

18: Stayed in Paiju. It was rather cloudy and the wind blew hard. 

19: Mr. S. KHAN came for liaison from Skardu. Camped on the sand bank of 
the Dumordo River. 

20: The weather was windy and cold, and it even rained. Food stuffs including 
one sheep, nine chickens and four dozens of eggs arrived for a big feast. 

21: Rain stopped but the path was bad. Mist closed out the scenery. One 
sahib suffered from diarrhoea. 

22: Returned to Askole. The village was thought of by the members who returned 
from the glacier to be a beautiful summer resort. 

23: Field observations around the village. 

24: Farewell dinner. 


Passing Hispar Pass of MATSUSHITA, HUZITA, 
HARADA, HAYASHIDA, Capt. G. S. BUTT, Mr. I. U. KHAN. 


25: The party consisted of six sahibs, two cooks, and one Nagar porter and 
seventy-six coolies (21 from Nagar, 7 from Baltit and 48 from Askole). Pro- 
ceeded as far as the snout of the Biafo Galcier. 

26: Marched on the hard ice stream of the Biafo Glacier. Sahibs camped on the 
blue ice, while coolies slept on the lateral moraine. 

27: Nagar coolies were eager to march faster, but Askole coolies objected. Camp- 
ed on the side moraine beside a lake. 

28: One day march through the valley of the Biafo Glacier was pleasant because 
of pretty flowers. 

29: Entered the snow field. Stopped near the entry of the Snow Lake at 12;00 
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to avoid the danger of an afternoon flood. 

July 30: Reached the place below the Hispar Pass by noon and camped there. 
Coolies did not complain though it was very cold to sleep on ice. 

31: Left the campsite at 5:00 and reached the end of the Hispar Glacier after 
the march of more than 20 km. 

August, 1955— 

1: March on the abrasion valley was very pleasant. The snow seen before was 

almost gone, and instead, flowers adorned the scene in full bloom. 

Marched at full speed and reached Dachigan. 

Coolies walked with their home speed. 

Arriving the Hispar Village, camped. 

Camped on the way to Nagar along the Hispar River. Then, coolies, cooks 
or porters became thieves. Boots, cooking utensils, sugar and anything else 
were stolen by them. 

6: Arrived Nagar at last. Letters from Japan pleased the members, but Capt. 
Butt said that the atomosphere in Nagar is not good any more due to the ill 
willed rumor by the escaped porters and coolies. 

7: Stayed in Nagar for rest. 

8: The day was a Mohammedan Feast. It was also the first night in the history 
of Nagar that an electric lamp was lighted by The Mir’s own water power 
plant. 

9: Stayed in Nagar. 

10: One tent was presented to The Mir. 

11: Nagar porters and coolies were all payed. 

12: Most of the baggage was sent to Chalt on horseback. Moved from Nagar 
to Hunza. The Mir of Hunza received them warmly. 

13: Rest. 

14: ImMaAnisH1 and Nakao came back to Hunza, after a twenty day separated trip. 


OO = Ww PD 


Skardu, Hunza and Nagar Trip of IMANISHI, and Others 


July, 1955— 

25: Leading fifteen coolies with the rocks and plant specimens, three sahibs left 
Askole, and crossed the suspension bridge across the Braldu River. Camped 
in a pretty meadow. 

26: Were not able to pass Skoro La, because coolies refused to march any 
farther. Camped above the timber line. 

27: Reached on the top of Skoro La at 11:00. It began to snow. The march 
down the snow slope was dangerous, but coolies managed themselves all right. 
Sahibs camped on the river side, while coolies stayed in a hut of yak herds- 
men. It rained heavily in the evening. 
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July 28: As the food stocks were almost exhausted, had to march without 
breakfast and lunch. Arrived at Shigar in the evening and camped on the 
green polo-ground. (Photo. 33). 

29: The baggage was sent by coolies to Skardu. Two sahibs and Mr. S. Kuan 
enjoyed a voyage in “zhakh”, skin coracle, to Skardu. (Photo. 36). Visited 
the Additional Political Agent (APA) to get the permission for air flight to 
Gilgit. Stayed in a guest house in Skardu. 

30: Stayed in Skardu. 

31: Dr. Grady L. Wesster of Harvard University and Dr. Eugene Nasir of 
Gordon College, both being the botanists who joined the Harvard University 
Chogolisa Expedition, were in the same guest house. 

August, 1955— 

1: Attended a reception given by the Karakoram Mountaineering Club. Valuable 
informations were obtained from the Club members. 

2: Early in the morning, left the guest house in Skardu by jeep and arrived at 
the airport. One Dakota plane soon landed. But it was known that she 
would fly back to Rawalpindi, and the second plane would fly to Gilgit. 
Decided to take the second one, but she did not arrive during the day. Over- 
nighted in an army camp. 

3: Waited the arrival of the plane, but she never came. 

4~8: Stayed at the Skardu Airport waiting for her. 

9: Around noon, one plane landed on the air field, and at last were able to leave 
a week seclusion at the airport. Arrived at Rawalpindi late in the after- 
noon. 

11: Arrived in Gilgit from Rawalpindi by air and stayed again in Hunza House. 
The Political Agent of Gilgit invited them for the garden party in the evening. 

12: Gilgit-Chalt. Stayed in the rest house in Chalt. The baggage was carried 
late in the evening under the kind management of Mr. S. Kuan. 

13: Imanisu1 and Nakao went on horseback, but Mr. S. KHan went on foot. Mr. 
S. Kuan from Nagar was not admitted into the Territory of Hunza. Camped 
at Maiun. 

14: I[manisHt and Nakao reached Hunza and joined with the members who had 
come from Askole through the Biafo and Hispar Glaciers. 

15: It was a festival day in Hunza. The Mir of Hunza invited all the members 
for the garden party with a performance of a sword dance for entertainment. 
(Photo. 37). 

16: “Kabab” garden party was organized for the members. All the houses in 
the oasis were beautiful with the lights on for the Feast of Ismaili. Those 
lights looked like the lanterns of “O-Bon” in Japan. 

17: Martsusuita, HarapA, Hayasuipa, Capt. Butt and Mr. I. U. Kuan left for 
Gilgit, while IManisui, NakAo and Huzita left for Nagar. The Mir of Nagar 
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invited them for tea and dinner, 

August 18: Nakaao went for herborization along the Bualtar Glacier. Huzita 
went to the Hopar village for a geological survey. 

19: NaKAo returned from the Bualtar Glacier. 

20: ImMAnisHi, NAKAO and Huzita left Nagar on horseback and reached the rest 
house in Minapin. 

21: A forest of Picea was seen near the Glacier. (Photo. 38). (MaTsusHITA and 
others arrived in Gilgit from Hunza.) 

22: Stayed in Chalt. 

23: Stayed in Nomal. 


Back to Karachi 


24: All the members of the Karakoram Team returned to Gilgit. 

25: It was the last day in Gilgit, and had the farewell dinner with Mr. and Mrs. 
KEANNY, Political Agent of Gilgit. 

26: Flew to Rawalpindi, and parted with Capt. Butt there. 

27: In the morning, met KiHara and YAMASHITA alighted in the Rawalpindi 
Airport on the way from Peshawar to Karachi. In the afternoon, left for 
Lahore on a lorry with all the baggage. 

28: Visited the Punjab University, but it was closed because it was Sunday. In 
the evening, left Lohore by train for Karachi. 

29: Arrived at Karachi and joined with the members returned from Afghanistan 
and Iran. 


REUNION AND RETURN 


“Sayonara” Karachi 


August, 1955— 

25~29: All the members except YAMAZAKI, UMESAO and OKAZAKI, returned to 
Karachi from the north and west succeedingly, namely Iwamura from Tehran 
on Aug. 25, KinarA and YAMASHITA from North Pakistan and also HARADA 
and Hayasuipa from Karakoram on Aug. 27, KiTamMuraA from Kabul on Aug. 29, 
IMANIsHI, MatsusHiTA, Huzita and Nakao from Karakoram and also NARA and 
NAKAMURA from Beirut on Aug. 29. 

30: Reception by the Embassy of Japan in the evening. 

31: Lectures at the University of Karachi by KtHARA and YAMASHITA. Farewell 
party was held by the Japanese Community in the bungalow of the Tokyo 
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Bank in Karachi in the evening. (Photo. 39). 
September, 1955— 

1: All the members visited the Prime Minister for farewell greeting at 9:00. 
KIHARA, IWAMURA, KITAMURA, YAMASHITA, HARADA, Nara, HAYASHIDA and 
NAKAMURA left Karachi at 14:00 by Air France. 

2: KIHARA and others arrived in Tokyo at 22:00. ImMaAnisH1, Matsusuita, Huzita 
and Nakao left Karachi at 18:00 by BOAC. 

3: IMANISHI and others arrived in Tokyo late in the evening. 


Remainders 


Okazaki stayed in Tehran longer after IwAmuRA left there on Aug. 25. After 
further historical survey along the “Silk Road” in Iran, he returned to Japan 
at the Yokkaichi Port by the “ Nisshomaru”, a tanker, on Dec. 15, 1955. 


After Iwamura, Okazaki and NaKAmurRA left for Iran on August 2, YAMAZAKI 
and UmEsao remained in the Moghol communities in the Ghorat and Hari-Rud 
districts. (Photos. 15~21). On Sept. 23, they finally left Herat for Kabul. 
YAMAZAKI flew to Tehran for further studies on his Moghol materials collected 
in Afghanistan, while UMEsao started on his way home. UMEsAo traveled through 
Pakistan and India and returned to Tokyo on Oct. 11, 1955. 


In the last paragraph, the narrators feel very much depressed to write about 
the really lamentable death of YAMAZAKI in Tehran in 1956, who always shared 
the hardships with the members during the expedition. YAMAZAKI joined the 
expedition as a very important Mongolist who could handle the Mongolian 
language. According to UMEsAo, he was healthy, and was always enthusiastic in 
pursuing his studies about Moghols in Afghanistan. His pleasing personality 
established an intimacy with all the Moghol village seniors, who willingly gave 
all the informations of their knowledge. In Tehran, he continued studies on the 
Zirni Manuscript CKUSE Vol. VI published in 1961), and during his spare time he 
studied the Persian language as well. 


The narrators wish to close the narrative in token of respect to the memory 
of Late Professor Tadashi Yamazaki, Tenri University, Tenri, Japan. 


—K. Y. and S. N.— 


Indexes 


352 


Indexes 


Index of Subjects 


Abelmoschus esculentus : 


chromosome number. «sersesseeee teeees 285 
Characteristics:+ssseccreeesseeeeneeeeevenees 285 
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Plant height.:++--scccscesecsseeseseeeeeens 67 
seed-fertility ----::ssesecessseseeeseeseeees 67 
tillering habit --cescccceeteccesseeseeeeeees 67 
Ae. FUVENGLIS 1c cerceresererscneneenneneeneeneenes 4 
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centre of diversity RTE eC 39 
chicken feed mixture «errsrserseeseeees 13 
collected samples (Tab. 3) «+++++++ 5~9 
cytological observations «s+s+essreeeese 31 
description of subspecies and 

VATICLICS ver eevevsecsceneceeevecreeeteeens 13 
CAL COLO crcccseccesecceeneeneacnecsacneensas 20 
CAL SHAPE sere reereeeeeceeraressetereereeevens 20 
geographical distribution ------ 5~™~13, 99 
Browing habit cercrecseseseseeceveeeceane 22 
inter-regional hybrids:-->+++++ 31-~~39, 100 
locality map (Fig. 1) -ccecsersereres 10~11 
morphological characters 

Omen eee eae n rer eeretvesasens 13~-21, 40, 100 
physiological characters ------ 21~31, 100 
Plant Height -cscesssssseseeveeeeseesveeene 17 
reciprocal translocation --++++erss+eee 37 
resistance to rusts: 
—- geographical distribution ----:- 30 
——~ Puccinia graminis +-++++.+ 23, 31, 98 
———  P, ve@condita verrreereeeeveenes 23, 31, 98 
—— _ P., stritformis eee rer rarr) 23, 98 
———_ FEBTE BATION cereereeeeeeeeceeeeeeeee 31 
seed-fertility sscccreccesessesseesseeeeeeees 22 
Seedling CO]OT -eessteseeeeeeseneeeeeenees 20 
ShOOting date o--sereseescereetecvescesevees 21 


sterile glume, width/length ratio:.- 16 
susceptibility (Tabs. 14, 15) ---24~28, 29 
strains and habitats (Tabs. 2,4) ++ 4,9 


tillering habits «--.-cseceeseereeeeeeeenees 17 
varietal relation «escsccsssecercscncctensees 15 
WAXINESS eecesccccssnsvcccnncevccssecsoes 18~19 
Ae. triGriStata civccvecceversccesaneevecccesevesene 4 


Ae triuncialis: 


collected samples (Tabs. 2, 37):--4, 53~56 
description of subspecies and 


VALICCICS ccrectscnecccsecenseeaes 52, 57~60 
distribution of varieties -++.+-.+-..-+ 56 
geographical distribution --- 52~56, 100 
glume pubescence Coca neensececeeecenseene 61 
BTOWing habitersescssceeeescecseseseeeeeees 63 
habitat map (Fig. 25) se+eeesseeeeeees 57 


morphological characters --- 57~~61, 100 
origin of subspecies Hiaehldasedvdecaalessen 64 
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physiological characters ++++++++++. 62~64 
Plant height cevrecscesvevscccreereceeveees 60 
seed-fertility pene dan bee ve sieeas ee ree ETS 62 
SHOOCING date -srerecseerveereeceeevseersens 62 
WANITIGRS fect cas aveede dices. das ered ia teeny 60 
Ae, umbellulata cvcrcvcsccscsccssssssssecneeness 4 
Ales Vauiloved ai vencvestsdsl cas teevsagedeicedeesians AT 
Agropyron: 
INEEY MNEGIUM vorreererrccccneneneeeesees 119, 120 
VOPENS vcercrervavcnerensvevsceenevssvccnseens 120 
EVECROPROYUM oveesrereroereeres 119, 120, 128 
somatic chromosomes (Fig.68) «+ 128 
Alopecurus MYSUVOIdES+++0-r re reeee 120, 123, 128 
somatic chromosomes (Fig. 69) ++ 128 
AUENGEd LOSE cnrerer sence eceeesseceeesecseneetes 284 
Avena: 
DYZANTING--rreereerer eer eereneencnceeteenenes 170 
SALUD ++ erevnererrerrense ree er tree rrenees 170~173 
NU orerseere sete neeneenceneesaareeesceseasens 170 
SAELVA ve reereeencnncescevonenaces 170, 171, 173 
SEOVELES vevrscceersncssceneusenvees 170, 171, 174 
SEVUQ OSA sererrcerscteonensterereeecenten ence 174 
Classification. #-*+ts+-ssstandeseas ce csestee 169 
collected samples (Tab. 2) ------++-+++ 171 
cytological observation -+++++e+s+s+++= 171 
CESCTIPtiONS -++++++etseeeceveeenveeseneeeeees 171 
species names (Tab.1) «-++sr+sereers 170 
Barley : 
characteristics of cultivated barley 
(App. Tab. 3) vereeeeeeeenees 166~168 


characteristics of H. murinum and 
H. spontaneum (App. Tab. 2) ++. 165 
cultivated barley (Hordeum vulgare) 


Ree eee eee eH Hen eee een eseeerareeeeresenaee 143 
differential reactions to meldew 

(Tab. 3) targae ceased ceeoNeate deen eves 149 
distribution of genes -++rssrsrereeereee 159 
COTIMANCY veer eres e eves ceeseaverereeeereeenees 147 
flag-leaf emergence in Fe (Fig. 2)-++ 155 
genes and characters (Tab. 9) ------ 159 
genetic constitutions of spring- 

and winter-barley (Tab. 7) --+--- 154 
genotype differentiation --- 153~~158, 160 
GBETMINATION -++eeeeeeeereeeesenerseeaesereves 147 
BTOWtH habit ----eereeesesseseeseeeceeenres 152 
heading time (Tab.4) -sereerserereee 150 
locality map (Fig. 1) -+-ersessesseneees 144 


MANSFELD’s system (App. Tab. 1) 
deere rene en nance nea eeeeeaseesanerene 163, 164 
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photoperiods after vernalization 
CT ab. 6) cecrrsesssceseersesrecensons 152 
physiological characters ---+++++-++++++ 146 
segregation of spring- and 
winter-type (Tab. 8) crscessseeees 156 
reaction to Japanese powdery 
MI Ge We tevsescewescccenieasttooreseeres 148 
susceptibility and resistance to 
powdery mildew (Tab. 10) «---- * 161 
varieties (Tab. 1)-cerererecresesserereees 143 
Wild barley -sereeseereeesereseceveeeeeceeees 142 
Barnyard grass (Echinochloa crus-galli) : 
artificial crossing technique -++---+-- 188 
characters (Tab. 1) sen ereeevencccnvacene 188 
chromosome number.  evereeesseeeceeere 188 
morphological characters (Tab. 1)--- 188 
HyDridS seer eesecseesescerescteesseceesease 189 
SOQTEZAtiOn -eereceeveeeeseceeeronvecesenees 190 
fertility (Tab. 2) ve veenvevodessecuseeuce 189 
pollen grains (Fig. 1) sees e eee neeneenoes 190 
segregation in Fy (Tab.3)  -+-++-+-- 190 
Beet : 
susceptibility to Fusarium -+-.+-++++ 269 
susceptibility to Cercospora -+++++++- 269 
Characteristics:-:c-seerescecevecencessceuece 269 
BMUK. «--ecscccsecceteccerensteescersseees 46, 64, 65, 67 
Brachypodium sylvaticum +---+++++++e++ 122, 123 
somatic Chromosome:>--+-+--+-+-#eseeeee* 128 
Bromus : 
locality map (Fig. 85) --++---s++eeseeeee 134 
somatic chromosome (Fig. 71, 72) 
Deen re heen eee meee enon ee eee ener eananne 128, 129 
Drizae fOr Mis vse 122~124, 128, 135 
COMMuUbatus-rrrerresereereneeees 122~124, 134 
Danthoniae scrcrcccesreevere 121, 122, 124, 134 
MACHOSEACHYS ve eereereeveese 121, 122, 124, 134 
YNAUTULENSES ver servereernee 121, 122, 124, 135 
TACEMOSUS +++ 121, 122, 124, 128, 129, 134 
SOCGUINUS -ererereersaceeeeseeanes 122~124, 135 
Buck wheat : 
characteristics (Tab. 2) -+-1+eesreeeees 197 
COLVIEdONS veseerersereoeeceveeeeeersereseee 195 
CFFOFESCENCE creerteeteeescereenes 197, 199, 200 
BELMUINMALiION voeeeeeeeseeeesereeeeen anes 196, 197 
hetrostyly Oo aan een esate enn ecnenseneeeseeans 192 
node position of the first flower --- 199 
plant height -+++----+sssseeeseees 197, 199, 200 
root systems Ween e nem aeneesscevaceeasosvnne 196 
SOO ceseccceescccccecrcccccscctecsevscetecs 193, 194 
—— number of edgese-s-ce-ceeeereeee 192 
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Buck wheat (Continued) 
and seedling characters 





(Tab. 1) Gideaaigdiiv'e SedeWekeseroueee cece 195 
Buck wheat (Continued): 
seed-setting ssrerrecrstecreseneeessenes 196, 198 
SCECIINGS verererereereeeeecenereneetecs 192, 195 
Capsicum Annum vercrerrrversccrreereeeerereenees 206 
Cityullus colocynthis srvccccsccvessescnesenerees 206 
colocynthoides sive gees ebceve selene sess 206 
CAULIS vereccecneneneeeneeneseeneneeeees 206 
CCIVPNOSUS vereeeeteeteceecteeeeeeenes 206 
NAUGINIANUS reretrerereceserececeees 206 
VULZAVIS vrerreeeeereeeaeneenseeseeees 206 
Cucumbers : 
characteristics (Tab. 2) --++--+++e+e++ 227 
collected samples (Tab. 1) -++++++++++ 225 
CrOSSing CXpeTIMENt orereeeeseereeeereeee 232 


cultivated varieties: 
Daisen-fushinari No. 1 








dacs daieacage Xolaseen 225, 227, 231, 232 
Taiwan-kema ::---- 225, 227, 231, 232 
Browth habit --:+-eseseeeeececeeeeeree rere 231 
flower-bearing habit (Tab. 3) ---228, 231 
ELUtSe see eeeeceeseceecee eee teeaceneeseeeeeeeaee 230 
—— immature (Fig. 2) «-resee+eeeeee 229 
—— fully matured (Fig. 3)------ 230, 231 
INFIOTESCENCE vereseeteeeeereeeeteeeeeeeeeee 229 
leaf-shape and -size (Fig. 1) -++++++ 226 
JEAVES cerecceseseeeceeeeeeeecueeeeaeeenesenes 226 
SOOAS -ccveeecceccnsvevcccccusevecvscnseesseenes 226 
VINES cece eeececeecenereereeeteresscueuesenenes 228 
Cucumis Melo o-ccccrcrecerenececccncceecsceerees 235 
——_ VAL. CONOMON vereeveeeccecceees 253, 254 
Var. flexUOSUS v+erreereereeeees 254, 255 
—— VF UNOdOLUS  -rerreceeeceescvccene 255 
——- Var. MakRuwda  crrrscereceeees 252~-254 
—— var. reticulatus «--+-.seceerees 235, 254 
botanical varieties (Tab. 9) -+-++++- 254 
ClaSSIFICALION erect eeesereneecrernccreercens 255 
Cucumis SALLVUS -.-01ee creer ec eeeeetenerenenes 232, 254 
— var. anglicus oo sea sR enivecoecsausenncs 232 
Var. SIRRIMENSIS --cecereceeeeeeees 232 
Cucurbita : 
ANAGV CONG: +cecccceevrerseseccrnnccuceneeeeens 209 
CUCUYDIELEL A sereceeeeeereeeeeereeresees 219, 223 
SICASOUId veer eceeveceenencnenvecnenceseeseenens 209 
foetidissima Bilvaescer sence 209, 212, 219, 222 
MAXIMNG rereccersnccecenseneeeceeees 207, 208, 
213, 213, 215, 218, 220, 223, 224 
MOSCHALG: sseecesesranseseser¥exseaies se 208, 209, 


212, 214, 217, 218, 220, 222~224 





ovifera ven e eee nen eneeneneee 215, 219, 222, 223 
DEPO vrrrnteereneceneneneeee tere eenerees 208, 209, 
212, 213, 215, 218, 220, 222, 223 
—— var. cucurbittelar--+.--1+ 215, 219 
Val. OVI FCT ds ser etetee tee eev ene 215, 222 
—- var. biriformis see Newaienee gees 219, 222 
LOXANG Ws bvarcvenvasedans seeaeeewedagsenseede 209 
Cultivated barley (Hordeum vulgare) 
eee c creer cece cence vers en ase cee se neenrsseees 143 
Cynodon GactylOn vrrecerereerereeceerteeenns 126, 133 
Cynosurus : 
DalANSde vrrercereecevereecveeeneneeeeenenses 125 
CVISEGLUS crsererereeee ten nen ences neneeenneees 125 
CCRINALUS -vrecenvecceeteerneeaee 122, 126, 129 
somatic chromosomes (Fig. 73) «+++ 129 
Dactylis glomerata sce c eens een cones sacouses 125, 126 
DHE, cccvecscccccescecccccscceusseseeeneaees 143, 145, 154 
Evchinochlod --+1cverececcccceuneccsceceseneennesees 11 
CYUS-ZALLi vr seeeeerreceereereeensecsens 187, 188 
ULLLIS ce eveceevereceenecnnceeeesseceracesereens 187 
Elymus CANULICUS wrrrecevenetveenenees 120, 127, 129 
somatic chromosomes (Fig 74)++-+ 129 
Eragrostis Sp. vvrsscsrereseesstteeeeeseenens 126, 133 
Eremopyrum buonapartis : 
—— var. buonapartis 
beeen enereeeeaveecnceeenees 125, 127, 130, 131 
—— somatic chromosomes 
CFig. 77, 80) csrsrsesereeeeeeeeees 130, 131 
— var. sublanuginosum 
cena een eteeennee senor eesaseeneees 125, 127, 134 
GISEANS vrcsseerecccneescenanencens 125, 127, 134 
somatic chromosomes 
(Fig. BL) ceeerees ees eeranen ees eeeeecees 131 
OVICNEGLE vececeesecseevecncneceeseeeerersanes 125 
—— somatic chromosomes 
(Fig. 78, vA: ee 130 
Evremopyrum : 
locality map (Fig. 85) pacaececssaecceeed 135 
somatic chromosomes (Tab. 1) «+++ 127 
Erysiphe graminis hovdet  crrrrrssrssrereres 148 
Fagopyrum: 
CSCULENLUM wc crreerereccnrecccereneees 192~-200 
CYMOSUM wrrecreereeneneeneceeneeenees 192~200 
LQEAV ECU ore eeee rene neneenne ten eeennes 192~200 


growth under long day condition 
(Fig. 7) veteteeeseeseeseereeeeeeeeenrens 200 
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Festuca : 
BIGHOP® - iacdeiniseerisawervrnsincs eines 120, 132 
Myuros PPOPETTTTTeTTTTT errr eryer ert ett i 120, 132 
Gramineae, collected samples and 
chromosome number 
CApp. Tab. 1) cere 136 
Henrardia persica: 
—— var. glaberima crc 120, 133 
—— VAP, PeVSicd srrereeseeerers 120, 132, 133 
somatic chromosomes 
(Fig. 82) vevscscecesseseeseeeeesseneens 132 
Heteranthelium pitliferum 
saeceeenesersencereanenseas 124, 126, 129, 133 
somatic chromosomes 
CFig. 75) creeteeterstseseeeneeee een eees 129 
Hordeum : 
convar. dtstichon ore rrrrerree reer errr ry 144 
CONVAL. MEXASLICHON sserrcerececseeseees 144 
murinum : 
germinanion (Tab. 2) «+--+. 147 
—— heading date (Tab. 5) «++++-+- 152 
SECHION Ceredl]ia c---sesseecesecrecseveneeee 142 
Section Hordeastrumeersecerscccecsenevee 142 
Spontaneum 
Seep eetineeaas ss 141, 143, 147~153, 161, 162 
—— var. ischnatherum -srrrverseereee 142 
—— var. LYaGnscaspicum -o-rereererees 142 
—— geographical distribution ------ 142 
—— germination (Tab. 2) -+-+++--+- 147 
— heading date (Tab.5) --------- 152 
—— morphological characters 
ener e reece erence ease eee eee ne eeeaeenanne 142 
vulgare eer er reer rr errr errr ee ere errr ri eree 143 
var. afghanicum  rrrrrreeeee 143, 145 
—— var. brachyatherumer-s-r- sree 145 
—— var. brevispicatum ++. 143 
— var. coelesta --+++-+++++ 143, 144, 154 
—— var. freislebenti crevrrecreeererees 154 
— var. glabripyramidatnm.----.++ 143 
—— var. himalayense -++-++++00+ 143, 146 
—— var. hybernum «srrrrererreees 144, 154 
———= Var. MEMICUM o1reeereeeeeeenene 143, 154 
——_ VAL. NEZTICANS -.ereeerereseceneens 143 
—— var. nigripallidnm orr.--+-++seee+ 143 
VAL, MZ TUM wrrrrereceeerereeneeeens 143 
——— VF. NUCUIM vere revecseenereeneonane 143 
———. VAL. NULGAS coreeseeerenenenesees 143, 154 
—— var. parallelum .-..cecccsseeeeess 143 
—————_ Val. POV SICUM wrrrrerereeeeeeeee 143, 144 
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—— Var. pyramidatum --eccseccereeee 143 
———._ VAP, FEROLENGE cnccceecccncerecerses 143 
—— var. sublatiglumatum «-.-- 143, 145 
—— varieties (Tab. 1) verrerreeeeeees 143 
wild species : 
—— _ bulbosumn cccrecscccccunceereesevcees 143 
m—— CADULEI. He eee ee di ca iveesege es 143 
———_ CVENTLUM — vv vnrevcevcvensoensenevoens 143 
————_ MAA ULUMMUI re rccerereereceecssecene 143 
— murinum 
Pia teach ae 142, 147~149, 151~153, 162 
———_ SECALINUIM -orereraccccccrereneeesaces 143 
== VIOLACEUM vrsrcueescnsccescnenronsnes 143 
Italian millet«--c+csrcccescccccntccecvccevscesvenene 183 
Koeleria phleoides .e-ccecreseeseceeeees 126, 129, 133 
somatic chromosomes (Fig.76) --- 129 
KUSE assesses agarvemne tere amaiteseed 2 
Leek : 
Allium porrum L. «+++: 270, 271, 280, 282 
climatic conditions (Tabs. 2, 7) 
Dace renee cree ee meee nee saree censsenons 271, 283 
leaf characters (Tab. 6) -+-+--+-----+-- 280 
list of materials (Tab.1) --+------++ 271 
Luffa acutangula -----1.-seceeseeseserecenerenenes 257 
Made ees sive isin decenniaeesvesanedi nase sereawes aa ee 176 
characteristics (App. Tab. 1) ---179~182 
collected samples (Tab. 1) -----:++++- 177 
geographical distribution «+-+-+-+-+++ 178 
Turkish Popcorn «r-srecseereesereeceeees 176 
types (Tab. 2) cone erect esenanercenavecnes 177 
Malva verticillata : 
ChAracteTiStiCS-++erceesereseceentereseeeseee 286 
dried samples--+---+-+-+eeesseeeeeeeeeeeees 286 
plant (Tab. 5) ceceteveeseeeseseeorenenes 286 
seeds (Tab. 4) verrssseeees pv veacaseneenes 286 
Melon (Cucumis melo) Todeeiate sedis Seas ceeiadwed 233 
cultivated varieties: 
Earl’s Favourite +++++++-+ 233, 235, 237, 
241, 244, 250, 252, 253 
ORKitSU  creeeceeeeceeeeeeeeereeweerneenes 934 
Pearl] «scccccccctccccnccensesecsererensens 234 
Snake Melon (var. flexuosus)254, 255 
climatic conditions (Figs. 2,3) ------ 234 
cotyledon, leaf and vine (Tab. 6) 
eee e ce eae e meee een ever seen nescenseenareuas 251 
crossing ADIity --+---tee eee ee tere eeeeeene 253 
disease resistanCe o-r-ceesee see eeeeesseee 253 
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Melon (Continued) : 
F,, fruit characters (Tab. 3) ---245~247 


Fy hybrids -eeesseressseesceereerensereeenes 240 
F;, pollen-fertility (Tab. 8) «+++: 253 
F,, seed characters (Tab. 8) ++-++++ 253 
fertility and seed characteristics 
(Tab. 7) Uva teas ee eena s vee temeeys 251, 252 
flowers (Fig. 10) ceresteeeereeeeeteeenees 248 
flower Characters cvrrcrssesetsersreeveees 244 
flower bearing habit (Fig. 9, Tabs. 4, 5) 
meee meme nate nna soonest raneeines 248, 249, 250 
fruits (Fig. 5, Tab. 2) +++ 237, 238-241 
fruit Characters serreceeceseesseseeeseeeees 937 
fruit forms (Fig. 6) vecsrereerseserereees 242 
genetical studies --++es+ererseseerseeeees 942 
glass house culture (Fig. 4) +--+: 236 
hybrid fruits (Figs. 7,8) +++ 243, 244 
Hybrid Vigor vevcessereceeeeeeeeseeereecees 243 
leaf and vine characters ++-++++++-++++ 250 
strains (Tab. 1) Viatsleel paieistuie ve vow gene d 235 
Millet cccccercetcecceeeccccccersccansenvesnerssaenanen 184 
Morus: 
IDG creer ec ceretnneesencecnnnenseees 290, 291, 293 
cystolith cells (Fig. D)srerereseeeseenees 293 
nigra wis Sibidcatel ated eidie sycteiece nial a eid wietss Sins 991~293 
pressed samples (Fig. L)+s-eeeere 991 


Onions (Allium Cepa): 


bulb characters (Tab.4)  «+++e+eeeee 275 
———= COOL ccrecrerenscerearsnscsecnsceveene 274 
—_—_ shape vdieo Coil ofetate aids bee bis waila Dee e bein. 277 


climatic conditions(Tab. 2,7): 271, 283 
cultivated varieties : 





—— Awaji Kodaka --+-+++e+sseee 270~281 
—- Bombay Large «+-++ssereeees 270~281 
——- Early Gran -ereesserseeceteeeeeeees 281 
—— Sweet Spanish evrrersceseeees 270~281 
downy mildew 
(Peronspora destructor) +++ 271, 278 
earliness and lateness --+++++++seeeeeres 277 
leaf characters (Tab. 3) sesreeereseree 273 
Jeaf COJOT «erereesceeeeeeeeeneneesneeneneenees 272 
— cross-section (Fig. 1) +++++++++++ 272 
—$——_ MUMDET_ vree reer conrserevenccevecernee 272 
——— SHAPE creerereceetecercnsereceevvererees 272 
SIZE cecceecvcccveasncvsccsavecsvccercees 272 
Macrosporium rot -crrrcseeresreseecesenes 278 
materials (Tab. 1) Diddeverdise caacouteecnse 271 
NECK Ot cerccrscrrecneencsvenecreevnecnenens 278 
OLIZIN certecee eevee ete eeetreer scene eseeereres 281 
Phytophtora blight ---++:+:++esserseeeees 278 





plant forms (Fig. 3) veceeteereceaes 276, 277 
plant types (Fig. 2) a eiace ateieraie vais waves ase 274 
PUNBENCY errr tere sete eeeeeeereereeeecenenees 277 
soil temperature in bulbing «+++ 271 
temperature response in bulbing 
(Tab. 5, Fig. 4)---+- 278, 279, 281, 282 
Panicum miltaceum  cvcccrecreecesseseves 184~186 
characters (Tab. 3) Saicdiae alan ate yen einiead 185 
collected samples (Tab. 2) -+-++-++++++ 184 
days from sowing to shooting 
(Tab. A) rreceeeeseteeeeeeneeeeeeen rans 186 
number of leaf-blades (Tab. 5) «+++ 186 
Paspalum distichum ovevvrescrrrreecees 126, 133 
Pepo MEXIMUS INGICUS crrrrercererceceeeeerees 207 
Phalavis Minor coccrseerccvevccccscencvvceces 126, 133 
Phleum Paniculatum ccrccccccreeseeveeees 126, 133 
Polypogon monospelieusis -srrrrrererrers 126, 133 
Pomegranate : 
anatomy (Tab. LD) cereteereeeeeete renee 288 
chromosome number. -ceseeesceresevecs 288 
pollen-sterility dee e eee eeaceenseeeneanceees 288 
section of seeds (Fig. 1)  -rrsreeree 288 
seed (Fig. 2) cette teeete ttre reeereneees 289 
stoneless pomegranate --+++++s+++eeereee 288 
Proso millet (Panicum miliacium) +--+ 184 
Pumpkins: 
cultivated varieties: 
——._ BraZi] -crcrccevenresccncccccvesvrveenes 219 
—— Chinese Early (Shina-wase) 
wee e ene re renee tan ewseeeeeee 215, 219, 222, 223 
Eo Zab oe sieriasiveswedtevesrecsandsas 219 
—— Noodle Pumpkins -+s:sseeeeeeees 222 
—— Tsurukubi 
armen ence neuron eeeee 217, 219, 220, 222, 223 
——— UCCON vetrrsccsseeeerscsccennenconanecs 222 
CiseaSe TESISTANCE cerrecereevereenecseeees 218 
flowers (Fig. 7) cccrscrseesereeeeeees 213, 214 
flowering date (Tab. 5) ccrrsressseeees 221 
fruits (Figs. 8, 9, 10) -sereeerer eves 215~219 
fruits characters (Tab. 4) serrersrse 216 
growing habits (Figs. 4, 5, 6, 10) 
Pee PErrererreer errr eer ere errs 211~213, 219 
heat tolerance--sserereereeeeseeveeeesereees 220 
leaf characters (Tab. 2) -rerecsreseee 210 
localities map (Fig. 1) reer reer ere 207 
male flower characters (Tab 3) + 215 
Mammoth group crrcessrsseeeeeeeeeetees 223 
node position of flowers--+::++e++++- 220 


origin po eeeacecin ne nd ceeseasnecesinererecscone 208 
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Pumpkins (Continued) : 


Original seeds (Fig. 2) :cr-ssrseeseerees 210 
seed characters (Tab.1) «++ 208, 209 
seeds of respective species(Fig. 3)-»+ 210 
SUMAT CONLENL sevrveceecetsecesceecersaseaee 292 
Vegetable Marrow group <++-++-+- 222, 223 
Vines and leaves ccorrrcssssescesevsesees 209 


Red peppers (Capsicum annuum): 


capsaicin and its isomer -+---++ 260, 261 
capsaicin content, (Tab. 3) ----+ 264, 265 
characteristics (Tabs. 1,2) «+--+: 262, 263 
chromosome number. crrrssecceseeeeees 266 
comparison between 2x and 4x 

(Tab. A) crereeeececneeeeeeneeneenereceees 267 
cross -compatibility (Tab. 5) 

OOO nme e emcee nae er ern anes rer eee nearer eres 267 
fruits (Fig. 5) sercccsesesserssseeeeeeees 266 
fruit Characters oocerceseecsssseneeccereens 264 
general ChaLractesrs--ceerercerscecccsseeece 261 


growth and flowering characters --- 261 
growth at different temperature 


CFig. 4) cecrcereteeteeesereeeseescnereees 265 
Induced tetraploids +++++1creretsereees 266 
leaf, stem and flower characters --- 261 
leaves, flowers, fruits (Fig. 1) -:--- 260 
Long Red Cayenne -rreressssseseeeceees 265 
stem pigmentation (Fig. 3)--++-+++++++ 264 
Takanotsume errrereeseccretrsecceesnenace 264 
YatsubusSa corcceecccvecsecvccncreessneseens 265 
Secale vvesrsvercccncccccesscnterccenvecucerspevceseres 1l 
Setaria thalicd  occrcccereccncccncceevccensvscveces 183 
artificial crossing technique ------+:- 188 
collected samples (Tab. 1) -++-++++++-+ 184 
VEerkictllata rccrevreccecreccceccesvace 126, 133 
Sorghum halepense «1 r+ers-rsscereeeeeees 126, 133 
Sponge-gourd (Luffa acutangula) : 
data of observations (Tab. 1) +++: 258 
resistance to Fusarium «sree 258 
TMCIOSIS cr estee rent eee cencersnereeneecensecenes 258 
Taentatherum asperum +--+ 123, 124, 132, 133 
—— var. crinitum (chromosome) 
Dome enaenecaceesneeneccaee 123, 124, 132, 133 
chromosomes (Figs. 83, 84)-+++-+++-++ 132 


Triticum : 
BEZiLOPOides cereeesseerererenneenessssaesenes 4,73 
collected samples (Tab, 1) --+-+-+-+++- 3 
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collected samples (App. Tab. 1) 

Cored ee reat meeae re neseeenereereneuceene 103-~-118 
compactum Oot e rer roneesceareeneeasoessoreen 73, 90 
durum OOP eerereeere errr ee ere rr errr eer es 73, 91, 92 
—— var. hordetforme o-:--11-sesseeree 92 
———_ VAL, MUTCIENSE ore ereereeenccvrvees 91 
——— VAT. ODSCUTUIN cccccrecrcccccccceves 91 
—— var. provinctale --sccccsrerseernae 92 
— var. valenciae +++: pacteneves 92 
ispahanicum oes eeccntccenosece cecvncone 94, 101 
monococcum var. eredivianum +--+.» 93 
OVtentale vcrcsrerecccsecrcsensserecccsseesses 4,73 
POLONICUM: «1c ree senereenecasscnoeees 4, 73, 93, 94 
spelta dee e cer erecennneseaeneoreseeevensdevens 4,73 
SPRACVOCOCCUM- +++ +> eeeerenereetesserones 4,73 
turgidum oo eee rea cree secsvonenasvacenes 73, 92,93 
—— var. Linnaeanum corcereesccrerccesees 92 
vulgare (includ. T. compactum) +--73~-91 
— awn length Serer rr eeey retiree erties 73 
—— description of varieties ------ 79~91 
— distribution of principal 

characters (Tab. 55) ---+-+++- 75 
—— distribution of varieties 
(Tab. 56) Serer eee reer eer ee 16~78 
—— empty glume COlOL ++ +e cececeseees 73 
— empty glume hairiness --------- 73 
es flowering Cate ceecereesccccscccenes 73 
—— morphological characters ---73~76 
— physiological characters --:--- 73,74 
== Seed COLL vose dese setdece needs ecaneas 73 
—— var. albinflatum --rccccccsceseeees 90 
—— var alborubrum-inflatum «----- 89 
—— var. barbarossa  <ercrsscesevecenes 79 
—— var. barbarossa-compactoides 
Dore ece ema e reer orev eee ee teem ena tnenany 79 
—- var. echinodes-inflatum (nova) 
POPEee Tee rTe Ter ee Tee error reer etre sry 86 
—— var. erinacium (comp.)---+++++ 82, 90 
—— — var. erythroleucon------+-- 82 
—— var. erythroleucon- 
compactoides a eee ecncecons 82 
—— var. erythrospermum oo... 82 
—— var. erythrospermum- 
compactoides petneacanoavens 83 
—— var. ferrugineum veteeverasccees 81 
—— var. ferrugineum- 
compactotdes «++-+++-+++00+- 81 
—— var. fulvocinereum --rereee 83 
——- Val. ZYGECUM  verereerreeceesenrene 83 
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Triticum (Continued) : 

vulgare var. graecum- 

compactotdes orgield: bb-a’elareiwisieidie 
Var. BrISCUMerrrereeceeeteteencneees 
——— var. heraticum vcsrcrceresvveensenes 
—— var. hostianum cosrcccsveesrccseoees 
—— var. hostianum- 

compactoides EVeie seve waletetns 
—— var. khorossanicum s+++++-+sse1ees 
— var. lutescens-compactoides --- 
—- var. lutinflatum dn ev nena ecennes 
——- var. meridionale o-scrcrccevcverers 
—— var. meridionale- 

compactoides iceafiiata eaves esol ace 
——-. VAL. MUTINUM oorccccrerecesceneees 
—— var. nigrocyanorubrum or. 
—— var. nigromeridionale 
—— var. nigromeridionale (nova) 
—— var. subbarbarossa-inflatum --- 
—— var. subbarbarossa- 

inflatum (nova) +++ 


—— var. subechinodes-inflatum:----- 
—— var. suberythroleucon ---+++++++- 
—— var. subferrugineum «ser 
—— var. subferrugineum- 
in flatUmM cvreveereeerereeeeees 
—— var. suberythroleucon- 
COMPACLOIdES «+++ +++ see ee eee 
—— var. suberythroleucon- 
INfLALUM core rereererenenenees 
— var. suberythrospermum «++. 
—— var. subferrugineum- 
COMPACLOIES «+ errereeeeeeee 
—— var. suberythrospermum- 
ENfLALUM + oerrererrencteneeees 
—— var. subgraecum avaTecestaare sare taie late eibie 
—— var. subnigroturcicum 
—— var. submeridionale 
—— var. submeridionale- 
INf\ALUM rere rrerereernerneee 
—— var. subrubromurinum +--+ 


———- Var. SUBDLUYCICUM + orc rer eeerenenen 
—— var. Lr anscapsicum vrrrrerrrrerre 
——— VAL. LUSCICUM vererecrneeeereuseaes 
—— var. turcicum-compactoides --- 
———_ VAT. LUFCOMANICUM oorrreeeeeevene 
———- Var. VElUliNnU oorreerercerveccscere 
—— var. velutinum- 

COMPACLOIdES +++ sees ec eeeee 
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Synthesized 6x wheat: 


fertility eee een ene n teen ereeeneneeeneeees 95, 96, 97 
morphological characteristics--++-..-- 97 
SUSCEPLIbILity ceereereeeeeececeeneeeesenees 98 


Watermelons: 


colleced samples (Tab. 1) «+++-+-+0.- 201 
flower and vine characters(Tab. 2) 202 
fruit characters (Tab.3) ---:- 203~205 
3x watermelons (Tab, 4) -+++++- 205, 206 
vine, leaf and flOWer  ccrcceeeeceren cane 203 
wheat (see Triticum) 
WIS. ssatvecsirevensredaveviiecrenlivage yee cretne es 2 


Index of Names 


ABERG, E. Mere nee cere cena emer eee e eee ene ren eaetneenns 142 
ANDERSON, Ie isis ereiaie osb- aia hia W's Sin dinjaiasite siteistelaslbnd’s ovale 176 
AvpDuLov, N, P, verseereeees 122, 123, 125, 127, 133 
CARNAHAN, H, L. beeen eet ee aen torte cence reesersces 119 
CAUDERON, YL cece teen a cena eee eeseett eset recnens 120 
CHENNAVEERAIAH, M.S. eeereeesereeees 47, 64, 133 
DARLINGTON, CD ccteeee cet eeeseeeeeeeeeeeeeaes 125 
DE CANDOLLE, A, vrtrreereeseees 192, 207, 254, 280 
BiG, Ag. seeettarstave! 13, 41, 46, 52, 65, 67, 69, 72 
ENOMOTO, N,  cesreessevsersecesecceerescaseestees 152 
FLAKSBERGER, C, A eet e ee tenes eeeer cent eeeeee 99 
FREISLEBEN, R. steseessseeeeeeeetens 141, 146, 159 
FUJISHITA, NN, veccceeceesseeereeveees 225, 233, 244 
GOLDHAUSEN, M, cocceeeeeee renee et eneeneenseneens 206 
Harapa, Ky, ceeee cee eeeeeneeeeeeeeeeeeneeeeasenenes 233 
Haran, J Ri ceecereeeerenseeseeeseteneneasenenns 145 
HAyasHl, J. onan er ee eeeeernreraseeeseseuneneeneoees 141 
HEsLot, FH cccec tee eceee orton en eenecer een enenes 94,101 
HIRATSUKA, N, avec weesneceeersesees 23, 24, 30, 31, 98 
Hirayosul, VT seteeeeneneeseceeeveceeseeveeenenees 98 
Hiura, U, Caen cece rere eneeeeneenaneneacorenee 141, 148 
HOTTA, Ty cecetsetereereereseeseesententeatesennenes 290 
Hunziker, J. H, Conan cence ee cen ae asnnnonereaees 133 
INOUE, TY = Raa cb a alee lstercsaie ds wa dinrersioany salar era's 252, 254 


Indexes 


Kinara, H, -eeeeeeereere es 1, 2, 4, 34, 64, 65, 94, 98, 

101, 188, 287 
KITAMURA, S,  ceeceecterecreeecereteceow eens 122, 254 
KONDO, N. ceccesceeccereerereeeecessenseenceeeees 60, 64 
KOGRNICKE, F, ccseseeeeeeceeceeceeseeeeeeseeees 73, 100 
KUCKUCK, H, ceceeteesetsccceecetereeseesenceees 3 
KUWADA, H, ccrereeesererrererececeeveresscacensese 284 
LILIENFELD, F, A, sececeeeseceeeeereees 3, 4, 94, 101 
LUMSDEN, D, cecerereteeceeceeseeereeeneeeeees 242, 253 
MAKINO, Ty, cotceesresrestesseseneeeeerassenenseens 254 
MALZEW, A_I, coceecseeesceeceteseteeneceeeeeeeens 169 
MANSFELD, R, vererrereeeeess 73, 100, 143, 163, 188 
MATSUNOTO, T_ vscesrescereerereeeeesesnecneeees 183 
MATSUMURA, S. vrreereeseeseeeees 60, 127, 130, 269 
MATSUSHITA, S, crresrsceceeeetereeeeeereereetoes 184 
MCCLELLAND, TB, csrsesertesrerseceeenerereeees 242 
MCFADDEN, E,S, cesseseeeeeceeeeceerseneeneceeens 4,65 
MUNGER, H.M,  crrrerseceecereeesenereseeserens 243 
MURAMATSU, M, cecerssseceeereeseereeseeeeeeeees 119 
MYERS, W.M, crceereeseeseecrcceerecesenereeneees 119 
NAGATOMO, Ty -eccctcesececeesseseeneeeereesensees 192 
Nakao, GS sete cece eeeseeseecenensseerens 174, 176, 184 
NAUDIN, C,  ceeceteteeecesteeeeceereeeeceeeesonsees 254 
NISHIYAMA, TL, ceceeresseeeeesccensrererscceeens 169, 268 
Oba, TY, ct eeteecencecereeecseecneceetereeeseteeneeee 233 
OGAWA, Th cctteretcececteeeeeseeeeeseceeeseeeeees 270 
OHTA, T. crccececeeeeee essen eeeeeeeseesereeceseees 269 
OHTA, Y. ccreteteececeeteeceeceeereeeeseeeeteeeees 259 
OKA, Hy vieresececeseeeeeeceetceeeeesenenerenenterens 190 
PANGALO, K_ I, eeeseceereceeetersereeeeereseeeeeees 206 
PERCIVAL, J. cscceeestesteetecteceeceeeeeseceeseees 100 
REHM, SG. cecerceeceeceteeseeceeseeceseeeescaseeeens 206 
RILEY, Ry. veeeeseeseseeeeeseeesrssseessaeeeetsasens 2 
ROSA, J, Ty ceceseseseteeteeseeeseeereseaeeneees 242, 244 
SAKAMOTO, SS, csecetecesseeeseeeeeeseceeeeeseeenes 119 
SARKAR, P, sserrerceseeesteeeeeceeeessees 127, 130, 131 
SCOTT, G.W.  crrceteseetecteeersetsesseseessasens 243 
SEARS, E, Ry ceccceeecseeecececcceuneseccseseceeenes 4,65 
SENJANINOVA-KORCZAGINA, M, -rreeeeeseeeeee 64 
SHIMOTSUMA, M,  crerseseseeseeeeeeeeeeeeees 201, 206 
SHOLZ, Fr ceecceeceeceeceeeeccenceesnececneensceres 145 
SoFUE, YY ceceev ence neensee tener eneseneenrensseneees 176 
STANTON, TR, ccccscecreseceeeecesessceesees 169, 171 


Srespins, G. L, 120 
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STUHLMAN, F, cvvcccecceccescssersesecssrenerenees 201 
SUTO, 1 coeeceeeeeseeecerectererecteerenceeeres 287, 288 
SUTO, Ty cecccecreceteeescetenreetseeeees 176, 177, 178 
SYODA, GS. ceccerecscetnecsscecssnsrteeesernenseseees 243 
TAKAHASHI, R, «+++ 141, 145~148, 151, 153, 159 
TAKASHIMA, S, coscececesseeeeeeserseseeeeatseceens 207 
TANAKA, M,  cvceesereereeeserceeeccenseueenes 1, 46, 47 
TANAKA, MIMOru «eeeereeceeeeetreesenscesen areas 183 
TERAMURA, T, crrresceeesseerereeerseneeseeeetenes 169 
THELLUNG, A, vesceeceeceeeesseeenteeceneeneesenen 169 
TOZu, VT, vsrecseeceeseetcenseeestenenereesceeesees 257 
TRABUT, L, cecseeceseetesceecesceeceeeereecseeees 169 
Vavilov, ND ya sstecetere 99, 133, 142, 143, 159, 
162, 192, 201 

YABUNO, Ty ccceseeceeeeereseeseeeenee eee eees 187, 188 
YAMAMOTO, K, errrcesessectceecterseceeesersenenes 148 
YAMASHITA, K, -+reeseeeeeseereneeesecereee 1, 46, 287 
YASUDA, GS. ceccecereseceeeeeeeeeeeeeseeeneeaseeens 141 
YASUI, K. cerecesesrsceeteseceeeersencntetseersecens 287 
ZADE, A, ccrececcteecsserereeenteesencnteeesaecees 169 
ZHUKOVSKY, P.M, ccsssceeccesserseeeereneeeters 46 
ZOHARY, OO, ceceteceeeeecererecetecseeneneeaserenes 64 

Index to Iteneraries 

AC Chaheeessccccccecescectntssenennrtenccccsscaneees 327 
Advance Arrangement [ «-ss:sssssseeeeeetee 319 
Advance Arrangement [i siiteiwe tes veesiedesls 320 
Agricultural College in Karaj-----++-++++++ 329 
Akra RuinS -esssscccccscceecceeccetecseesceseseess 336 
AMAN, Kall Ul] -esecseeesceesceeeeterteeceoereoane 335 
Ardabi] -esesc-seeeeeceeeccensceneneerereenseneceenre 331 
Ark-Ghundai Ruins <crscsssresereceteseeereees 336 
Arrival of KUSE in Karachi -+++++++++++++- 323 
ASkO]e  cecescceeeeeenceeceseereoeneesecseneeer 343, 345 
ae Atago We Soa suai besisvceswieceacuasees 323, 327, 328, 332 
Azerbaijan tripessss:e-seeeceeeeeersseereceeeeneers 331 
Babel Cemetry --+++2sesseereeeeeeeearerseaecnecoes 335 
Babul Sar --se-ccccecsecsecccetesesereesenarsesaess 330 
Balch ses0ssccccccceccccsscsacccneensscseestseneenses 327 
Baltoro Glacier -+reccessseceeeeesceceeesceeee 345, 346 
Bamiyan --s-s+sserceeeeeeecesreenseerenseeseaesoeene 327 
Barpu Glacier -----+----sseseeesseeeeseeeeseeeeees 341 
Batura Mountain --+-::-scecseseeeceesseceereneees 341 
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Biafo Glacier -essereseseeseneeeeee 342, 343, 345, 346 
Biafo Lunga -eressceseseeeeeteeteeree ese seeweees 345 
Bualtar Glacier cesccsseecesereveeeceeereeseneees 349 
Broad Peak cevsccccsscceccccceeccceereeceereees 345, 346 
BUTT, GS, cecsereteeeeeeeeeeesenes 319, 342, 345, 346 
Caspian Sea Coast trip verrssrereereseeseeeeees 330 
Chamannr crcrereccssecsecescncetseeeeneaeeeneaes 323~325 
Chiken feed or-esecssccecssceressneeecceeceeeeneees 332 
CHRISTENSEN, Henning Haslund -+++-++++++ 326 
CONCOTAIA ceererseetceeereeceseeteeeeeteeeenateeees 346 
Dachigan vsressseeeeeeeseneseveeeessenesseaes 342, 347 
Dak Bungalow veces veecesceceoenenenessecoes 323, 324 
Distance between places 

in Afghanistan -ssresssrssesesesteseeee ees 321 
Entrance to Afghanistan -++sss+ssssseeeeeeee 325 
Eschtaway cecscsrsssesesseneeneerereswecenaes 335, 336 
Faizabad-:--++seceessscecssscerererecterreceesseenees 335 
Ganga La vsessreseseseeeenneereereeseeteneeeeaanaes 344 
Ganto La crcrceeseecececsceeeresseteaeeccreceneeres 344 
Gasherbrum -errsecececcscceeceressten esr eecesernes 346 
German Broad Peak Expedition -----++----- 345 
Ghazni cvcecescseececeeceeceeeeeensasceeeseeees 325, 326 
GhaZvin veereeecceseecesccenreeteaseaseuseeeeeneeenes 329 
Ghorat -erreceeereceeneeeeerecseeeeeeneeees 328, 337, 350 
Gilgit -rs++e+e+- 319, 320, 339, 340, 343, 348, 349 
Gordon College csrerseserstetsensesseeeeseseeees 334 
GOrgan creeeesesereseeeeeeteesensareeeceeeees 329~331 
Gorgan trip sersercreseeeeceeeteeeeeneeneneeecaes 329 
Gosho Co, srrrereseees 321, 326, 329, 330, 333~~335 
HACHIYA, Yu cerescerseteeeeeecerssestereceeceeerees 325 
HARADA cotcettscecseteeeeetereeees 323, 342, 345 ‘346 
Haramoshi Mountain «-+-s+rsssrreereerereeeeees 344 
Hari-Rud cecscsecsccevcccrecneessseteeeceneeeevees 337 
Harvest time of wheat -+:+re+rresreeeeerereees 325 
HAYASHIDA cocscsecceecenceserceteneevens 320, 343, 346 
Hazar Ghanjeccresccsereeeeseceeeeteeuseenerea ness 324 
Herat cccveccctnccescsecucneeseeteeesanees 328, 337, 339 
Hermand Desert «-reccseceresesssereteessseeneees 337 
Hindukush Teamescssreccesecerseeeceneeeeeeeees 323 
Hindukush trip) csrssessseceeessseeeseeeereaees 327 
Hisparessssrsstseeecreseesseeeesatesereenneneeseenaes 339 
Hispar GIACICr cere secre eeeeeeeeeenes 342, 343, 345 
Hispar PASS+rscerecenersenrececeecerveese 343, 346, 347 
Hispar RAVE eee ccccceevecceenenceseesneneesseuaeee 341 
HUN Za cece crete ete eeee eee seeteer eee 340, 341, 347, 348 
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“HUNZa Pan) 9 eerrereeesereerescnceenenensteereee 341 
FLU ZITA cote reece eter eee eeenec eer tne reeaees 319, 345, 346 
IMANISHI cctcceeccersseseceereeseene 323, 342, 345, 347 
Indian Agr. Res. Inst, ccrsscereserseeereeeeeee 320 
[Indus River trip -seeeseecesseeseseereeeseeeeeeees 343 
Isfahan trip ccccescssererstsecereeeceereteeeere eae 329 
Tstalk Lareerrcceccscscceveerecerectensentecceeseennes 344 
Tstalc River cccsssseseecererercecenseeeeeneeseerens 344 
TWAMURA coceeececereesereneseeraeeteneees 319, 336, 337 
Jalalabad cscsrcseceeeeteeeeeeeeneneeesernes 335~337 
Jalalabad excursion -+rerssessseseeeeseseeneees 326 
KQ  ceccccecteceecseerseneenserersenteesensentoas 319, 346 
Kabul -ccsessececccceeseaetees 320~322, 325, 335, 337 
Kabul River -eecccsccescerererctcersneessneenvecers 326 
Kafir cccccccceeecsccessccesecetecepessecesspeeucea? 337 
KAKOTO, Jovcrererseeeteeeet tee erereeeaeenensewerees 326 
Kandahar e-seeceecessscesecnereeseeesenees 322, 325, 337 
Kanibasar Glacier -crerserssseseeeteneeesceneees 342 
Kanjut Sar csssscesseseesreeteeeeeeeeeeseueseenens 342 
Karachi +--+ 319, 320, 323, 334, 339, 349, 350 
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FRITAMURA coceeeerteeeeeneeeeeeees 323, 325~-327, 334 
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Lahore  vevrceecseceeesesseeeereestserereeeeneneevers 333 
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Errata 


Indexes 361 
NAKAMURA stccerecescccesneesssrcessenes 323, 326, 337 SKarduu cvccceccccccserssvesencscssensssssssenassees 348 
NAKAMURA, M, ceceeeeeerseereeeeeeeneeeeanes 321,325 | Snow Lake ceccreeccccesssseccetseveceenesseeeeees 346 
Pee STE ePee reer er eeere eee ree 323, 342,345 , Spinboldak -.--:-.-eceeeeeeceeseceveereeeer eee 39D, 325 
{aveaee Pecnweteseetosecareeonets 327, 328, 332 Spinwan st eeeee cane resconsentensersssererrereecscsens BOB 
“Nancy ” and ‘ Atago " e+eserercee 327, 328, 332 STEIN, Mark Aurel] crcscescseresseseeeeras 326, 336 
Nanga Parbat cccsscssssssseesecereesesceesaneans 319° |  Sukkurceniesteiscsesssensoascecesaesbonsusiovscctens 333 
pene ee cece nearer vansareuseesenessas 327, 330~-332 | Sykes, PiMeccreseeersccreeeevecencwsterteevsrsences QOp 
NICHE) COs acs case sstadceanscpeescedsSeshiaviens 320 
North Pakistan trip s+-+ssecreeeeeseeeetsereres B33 | Tabriz ccecececeeecscesececerteeeeeeseaeene 331, 332, 339 
Nuristan trip -cccssssseesesceseeeereneseeeerees 334 Talwar ceceesececetecerecenesenssecveseesers +337, 338 
Taxila Ruins -vcccssscecescccccvcnecccssceenee 319, 334 
seceeeeeccsnetsessatanssnsseooes 323, 336, 337 Tehran os-seesseeetsceseeeeseerseee0+32Q, 330, 332, 339 
Tehran—Ardabil trip-srs-sseceeeerereeeeeeeeees 331 
eds velencd ene sae vdledeSeveatetietiaces ed bain 321 Tokyo Bank -sssessesssssessssseesssesseee+ BQ, 350 
sana due eilucine don seddesanadvides sea vesevers 331 Turkestan tripssssssssecesssssssrectsseeseees 397 
senensoneenenseooveenosressentestssstaueesoeseas 336 =! 
Si Nes ya seeeasng ae geeete 320, 334, 336, 337 UMESAOs ts terseeececsrecoeeeaeeeeeeeeerees+323, 325, 337 
Peshawar Museum -erersesrssreeeess 334, 336, 337 University of Delhi-s--:+s::sececcessseeereeseees 320 
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The editor wishes to apologize for errata in pages 337 and 338: 


kindly read “‘LANDAUVER” for ‘‘ RANDAUER.” 


